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[57] ABSTRACT 

A home computer system provides a video processor 
for use with a television receiver. The video processor 
can selectively perform a variety of modifications to 
pixel data under the direction of the CPU of the com¬ 


puter system before the pixel data is stored in a random 
access memory to effectively increase the speed or data 
handling power of the system. 


36 Claims, 167 Drawing Figures 
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HOME COMPUTER AND GAME APPARATUS 

This application is a continuation-in-part of co-pend- 
ing application Ser. No. 812,662, filed July 5, 1977, 5 
which is a streamline continuation of co-pending appli¬ 
cation Ser. No. 635,406 filed Nov. 26, 1975, abandoned. 

The present invention relates to computers and more 
particularly to home computers and game apparatus 
adapted for use with cathode ray tube display appara- 10 
tus, such as television receivers or monitors. 

Video games typically employ a television receiver 
or monitor (hereinafter often referred to as merely “tel¬ 
evision”) to display the game symbols and figures. Each 
player usually has a control which may be manipulated 15 
to cause the game symbols on the screen to interact in 
accordance with the rules of the particular game being 
played, often under the direction of a small computer, 
or microcomputer. Similarly, the television may be used 
as a display for a computer used as a calculator. 20 

Each frame of the picture displayed on the television 
screen is comprised of a plurality of picture elements 
(pixels) which are rapidly and sequentially displayed in 
a raster scan of the television screen. One type of video 
game employs a random-access-memory (RAM) to 25 
store digital data representative of each picture element 
to be displayed on the screen. The digital data stored in 
the RAM is read synchronously with the raster scan¬ 
ning of the picture elements of the television screen. 
The digital data is converted to signals suitable for the 30 
television receiver or monitor and supplied to the televi¬ 
sion to define the particular pixels being displayed. A 
programmed microprocessor (a type of computer) may 
be used to update or modify the data stored in the RAM 
and hence modify the picture displayed on the televi¬ 
sion screen in response to signals transmitted from the 
player controls, in accordance with the microprocessor 
program. 

It is an object of the present invention to provide an 
improved computer particularly adapted for home use 
and having the capability of performing various game 
functions as well as normal computer and calculating 
functions. It is a further object to provide such a com¬ 
puter that is economical to manufacture. It is a still 
further object to provide such a computer adapted for 
use with interchangeable program storage devices. 

These and other objects of the invention are more 
particularly set forth in the following detailed descrip¬ 
tion and in the accompanying drawings of which; 

FIG. 1 is a perspective view of a specific embodiment 
of the present invention; 

FIG. 2 is a block diagram of a computer system of the 
embodiment of FIG. 1; 

FIGS. 3A and 3B are charts illustrating the memory 
address allocations for low and high resolution alterna¬ 
tive modes of operation; 

FIGS. 4A and 4B are diagrams illustrating the corre¬ 
spondence between the memory address locations in the 
display memory with the pixels of the display screen for 
the low and high resolution modes, respectively; 

FIG. 5 is a diagram illustrating the correspondence of 
color registers 0-7 with particular display screen areas; 

FIG. 6 is a diagram illustrating examples of modifica¬ 
tions performed on pixel data; 

FIGS. 7A and 7B illustrate further examples of modi- < 
fications performed on pixel data; 

FIG. 8 is a diagram illustrating the particular data 
that can be read at a plurality of input ports; 
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FIG. 9 is a block diagram of a microcycler interface 
employed in the system; 

FIGS. lOA, lOB and IOC are a schematic diagram of 
the interconnections of the integrated circuit chips of 
the system; 

FIGS. IIA-IIF are a block diagram of the data chip 
of the video processor of the system; 

FIGS. 12A-12G are timing diagrams of various con¬ 
trol signals of the system for various read and write 
operations; 

FIGS. 13A-Z and 13AA-EE illustrate an example of 
a circuit implementing the block diagram of FIGS. 
IIA-F; 

FIG. 14 is a composite diagram illustrating the rela¬ 
tionship of FIGS. 13A-EE viewed as whole; 

FIGS. 15-39 are diagrams showing blocks of FIGS. 
13A-EE in greater detail. 

FIG. 40 illustrates the pixel data contained in regis¬ 
ters of a rotator circuit of the video processor; 

FIGS. 41-43 illustrate the relationship among con¬ 
trol, clock and synchronization signals of the system; 

FIG. 44 is a block diagram of the address chip of the 
video processor; 

FIGS. 45A-J show a more detailed circuit of the 
address chip; 

FIG. 46 illustrates a composite view of FIGS. 45A-J; 

FIGS. 47-70 are diagrams showing blocks of FIGS. 
45A-J in greater detail; 

FIGS. 71A-C are block diagrams of the input/output 
chip; 

FIG. 72 illustrates a circuit for the generation of an 
input signal; 

FIGS. 73A-M show a more detailed circuit of the 
input/output chip; 

FIG. 74 is a composite view of the FIGS. 73A-M; 
and 

FIGS. 75-97 are diagrams showing blocks of FIGS. 
73A-M in greater detail. 

The preferred embodiments of the present invention 
are hereinafter described. In general, the system com¬ 
prises a display for providing discrete picture elements 
for presentation of movable symbols and a display mem¬ 
ory for storage of digital signals representative of pic¬ 
ture elements of the display. The system further com¬ 
prises a computer having a program memory for receiv¬ 
ing digital input signals and supplying digital output 
data signals and other digital output signals representa¬ 
tive of picture elements in response to the input signals 
and program memory. A video processor means is oper¬ 
atively connected to the computer and display memory 
for selectively performing a plurality of modifications 
to the picture element output signals from the computer 
in response to the output data signals and also for trans¬ 
ferring the modified picture element signals to the dis¬ 
play memory. The video processor means is also opera¬ 
tively connected to the display for supplying signals 
thereto in response to the digital picture element signals 
stored in the display memory whereby the picture ele¬ 
ments represented therein are displayed. 

The system shown in FIG. 1 comprises a computer 
console 10 having four player-operated control handles 
\2a-d connected by coiled line cords 14a-(f, respec¬ 
tively, to the computer console 10. Thus, the console 10 
can accommodate up to four players at a time. Each 
control handle has a trigger switch 16 and a top 
mounted joy-stick 17 for actuating four directional 
switches. The joy-stick 17 has a rotatable knob mounted 
thereon which controls a potentiometer. The console 10 
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further has a keypad 18 which has a plurality of keys or signals from the CPU. The video processor is opera- 

push-buttons such as indicated at 20, and a slot 22 for tively connected to the display RAM 42 and transfers 

receiving a removable cartridge or cassette 24 contain- the modified or unmodified pixel data to the display 

ing stored programs. The console 10 further has a cas- memory 42 at address locations corresponding to ad- 

sette eject button 26 for ejecting the cassette whereby 5 dress signals transmitted by the address chip 56. The 

the cassette 24 may be easily replaced with a different computer 44 transmits the addresses to the address chip 

cassette containing different programs. 56 which relays the addresses to the display RAM 42. 

A display for presenting movable symbols is shown as The video processor 52 is also operatively connected 
a standard color television receiver 28 which is con- to the TV display 28 to supply signals to the display 

nected to the computer console 10 by a line 30. The 10 modulated by a radio frequency (RF) modulator 58 in 

television (TV) has a cathode ray tube screen 32 on response to the pixel data stored in the display RAM 42. 

which a plurality of movable symbols such as the cow- The address chip 56 internally generates addresses for 

boys 36 and 38 are presented for a “Gunfight” game. sequentially reading the pixel data stored in the display 

The picture presented on the screen 32 is made up of the RAM 42 whereby the pixels represented in the display 

cowboy symbols 36, 38, and a cactus symbol 40 super- 15 memory are displayed. 

imposed on a background each in one or more of a The microcycler 60 interfaces the computer 44 to a 
variety of color and intensities and comprises a plurality peripheral device such as the video processor 52 and the 
of discrete picture elements or pixels. input/output chip 50. The computer provides a plural- 

A symbol’s action is controlled in part by a control ity of address signals on a plurality of address lines, a 

handle. For example, the cowboy 36 may be moved up, 20 plurality of data signals on a plurality of data lines, and 

down, left, right, up and to the left, up and to the right, a plurality of control signals on a plurality of control 

etc., by proper movement of the joy-stick 17. The direc- lines to the microcycler 60. The purpose of the micro- 

tion of the cowboy’s shooting arm may be controlled by cycler 60 is to combine the address lines and the data 

rotating the potentiometer control knob of the joy-stick lines from the CPU 46 into one data bus 66 to the video 

17 and the gun may be fired by pulling the trigger 16. 25 processor 52 and the I/O chip 50. 

Should the bullet 41 strike the cowboy 38, the cowboy The computer system is shown having an additional 
38 will be caused to fall by a computer system contained input device light pen 62, which provides an additional 

within the console 10. In addition, suitable music such input signal to the computer 44. The light pen 62 is 

as the “Funeral March’’ will be played by the computer sensitive to light and may be used as a pointer by a 
through the television 28. 30 player or operator to identify points on the TV screen 

A schematic block diagram of the computer system 32 as will be more fully explained later, 
of FIG. 1 is shown in FIG. 2 to comprise a display The illustrated apparatus is a full-color video game 
memory for storage of digital signals representative of and home computer system based on a mass-RAM- 
picture elements of the display (or pixel data) which is buffer technique in which two bits of the display RAM 

shown as a display random-access-memory (RAM) 42. 35 42 are used to define the color and intensity of the pixel 
The system further comprises a digital computer 44 on the screen 32. The display RAM 42 has eight bits or 

which is shown to include a central processing unit a byte at each memory address or location at which data 

(CPU) 46 which may be a microprocessor, for example. may be read or rewritten. In this manner, the picture on 

The computer 44 has a program memory which in- the screen is defined by the contents of the display 

eludes a system read-only-memory (ROM) 48 and a 40 RAM which can be easily changed by modifying the 
cassette ROM 24 connected to the CPU 46. The pro- contents of the display RAM. Data which defines pixels 

gram memory contains instructions to direct the CPU will be referred to as “pixel data’’. 

46 and the symbols and figures stored in digital form for The specific system of the illustrated embodiment 
the particular computer functions and games. uses a Zilog Z-80 microprocessor as the CPU 46 of the 

The cassette ROM 24 may be easily removed by 45 computer 44. The system ROM 48 contains software or 
pressing the ejector button 26 (FIG. 1) and replaced by programming for a plurality of games. The cassette 

another cassette in order to change a portion of the ROM 24 is a solid state cassette which provides addi- 

program memory. This greatly enhances the fiexibility tional memory whereby additional games may be 

of the system in that a potentially endless variety of played. These ROM’s also contain pixel data which 

games and functions may be performed by the computer 50 represents various game figures and symbols, 
console 10 and TV display 28. The system may be operated in a high resolution or 

The computer 44 is operatively connected to an in- low resolution mode. The high resolution mode gener- 

put/output (I/O) chip 50 and a video processor 52 com- ates a greater number of pixels per unit screen area 

prising an address chip 56 and a data chip 54 through a resulting in a higher resolution. In both the low and 

microcycler interface 60. The control handles I2a~d 55 high resolution modes, the operating system ROM 48 is 
and the keypad 18 are connected to the I/O chip and allocated the first 8K of memory space; that is, approxi- 

provide signals in response to manipulation by the play- mately the first eight thousand memory addresses corre- 

ers or operators to the I/O chip 50. The digital com- spend to the system ROM 48 as shown in FIGS. 3A and 

puter 44 receives the input signals from the I/O chip 50 3B. Thus, addresses 0000-lFFF (hexadecimal) are ad- 

in digital form and supplies digital output data signals 60 dresses for the memory locations of the system ROM. 
and digital pixel data signals in response to the input The cassette ROM 24 has the next 8K of memory space, 

signals and the program memory. The I/O chip 50 has or memory addresses 2000-3FFF (hexadecimal, herein- 

a music processor which provides audio signals in re- after “H") in both modes. The display RAM memory 

sponse to output data signals from the computer to play space begins at 16K or memory address location 4000R 

melodies or generate noise through the TV 28. 65 In the low resolution mode, the display screen RAM 

The data chip 54 of the video processor 52 selectively has 4K bytes; in the high resolution, 16K bytes, 
performs a plurality of modifications to the pixel data The CPU can transfer the pixel data of a pattern or 
signals from the computer in response to the output data figure stored in either the system or cassette ROM to 
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the display RAM via the video processor. As noted 
before, the video processor may perform a variety of 
modifications to the pixel data before it is written into 
the display RAM. The modifications are performed by 
what will be called a “function generator” which is 5 
located on the data chip 54 of the video processor 52. 
The modifications are performed by the function gener¬ 
ator when the address bit A14 of the address of the data 
is a 0. Thus, the address of data to be modified by func¬ 
tion generator and written into the display RAM will be 10 
less than 2’^ or 3FFF H. Consequently, the address of 
the data to be modified will be between 0000 H and 
3FFF H for the high resolution embodiment and be¬ 
tween 0000 H and OFFF H for the low. However, when 
the data is written the system actually writes the modi- 15 
fled data in the display RAM at locations corresponding 
to addresses 4000- and 4FFF H for the low resolution 
model and 4000 H-7FFF H for the high resolution 
model. The system distinguishes a memory read from 
ROM addresses 000-lFFF H from a memory write to 20 
modified data display RAM addresses 0000-IFFF by 
circuitry external to the ROM and RAM chips shown in 
FIGS. lOA and B. 

All memory space above 32K (memory location 8000 
H) is available for expansion. In the low resolution 25 
mode, memory addresses 5000-8000 H are also avail¬ 
able for expansion. 

In the illustrated computer system, two bits of display 
RAM 42 are used to define a pixel on the screen. Thus, 
an 8-bit byte of the display RAM defines 4 pixels on the 30 
screen. In the low resolution mode, 40 bytes are used to 
define a line of data as shown in FIG. 4A. This gives a 
horizontal resolution of 160 pixels. The vertical resolu¬ 
tion is a 102 lines. The areas 610 of the screen defined by 
the display RAM 42 therefore requires 102 x 40=4080 35 
bytes. More of the RAM 42 can be used for scratch pad 
by blanking the screen before the 102nd line is displayed 
as will be described more fully later. 

In the high resolution mode, there are 80 bytes or 320 
pixels per line as shown in FIG. 4B. The vertical resolu- 40 
tion is 204 lines thus requiring 16,320 bytes of display 
RAM. This leaves 64 bytes of RAM for scratch pad 
memory. 

In both the high and low resolution modes, the first 
byte of the display RAM 42 (address 4000 H) corre- 45 
sponds to the upper lefthand corner of the area 610 of 
the display screen 32 defined by the display RAM. The 
last byte of the first line in the low resolution mode has 
address 4027 H with the last byte of the first line in the 
high resolution mode having address 404F H. In the 50 
low resolution mode, the highest display address (4FFF 
H) corresponds to a byte which corresponds to the 
lower righthand comer of the screen. Thus, as the 
RAM addresses increase, the position on the screen 
associated with the addressed bytes moves in the same 55 
directions as the TV scan; from left to right and from 
top to bottom. 

The address chip 56 of the video processor 52 sequen¬ 
tially generates the addresses 4000 H to 4FFF H (7FFF 
H for the high resolution mode) as the screen is being 60 
scanned so that each byte defining 4 pixels is read in 
order to supply information necessary to display the 
corresponding 4 pixels of the picture. The 4 pixels asso¬ 
ciated with each byte are displayed with Pixel 3 defined 
by bits 6 and 7 shown on the left displayed first. Thus 65 
bits 6 and 7 of byte 4000 H define the pixel in the ex¬ 
treme upper lefthand corner of the screen area corre¬ 
sponding to the display RAM. 
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As noted earlier, two bits are used to represent each 
pixel on the screen. These two bits, along with a left/- 
right bit (which will be more fully explained later) map 
the associated pixel to one of eight different “color” 
registers 0-7. Thus, two bits from the display memory 
together with the left/right bit identify or select one of 
the eight different color registers. If the two bits from 
the display memory have the binary value 00, the color 
register selected will be color register 0 or 4 depending 
upon the left/right bit. Similarly, bits having the binary 
value 01 select register 1 or 5 depending on the left/- 
right bit, etc. 

Each color register is an 8-bit register for storage of 
output data from the computer. The binary bits in a 
selected color register define the color and intensity 
characteristics of the associated pixel to be displayed on 
the screen. The intensity of the pixel is defined by the 
three least significant bits of a color register, with OCX) 
for darkest and 111 for lightest. The colors are defined 
by the 5 most significant bits. Thus each color register 
can define 1 of 2^ intensity levels and 1 of 2^ different 
colors. The CPU can change the data stored in the color 
registers which will cause the colors and intensities of 
subsequent pixels displayed to also change. 

A horizontal color boundary register defines the hori¬ 
zontal position of an imaginary vertical line 64 on the 
screen 32, referring now to FIG. 5. The boundary line 
64 can be positioned between any two adjacent bytes in 
the low resolution mode. The line is immediately to the 
left of the byte whose address is sent to the horizontal 
color boundary register. For example, if the horizontal 
color boundary is set at 0 by the computer, the line will 
be just to the left of the byte 0 if it is set to 20, the line 
will be between bytes 19 and 20 which corresponds to 
the center of the screen. 

The left/right bit is an additional register identifying 
signal supplied by the video processor in response to the 
data stored in the horizontal color boundary register. If 
a byte is to the left of the boundary, the left/right bit of 
the four pixels associated with that byte is set to 1. The 
left/right bit is set to 0 for pixels associated with a byte 
to the right of the boundary line 64. Color registers 0-3 
are selected by a left/right bit=l, i.e., for the pixels to 
the right of the boundary line, and registers 4-7 are 
selected for the pixels to the left of the boundary. Thus, 
if a byte read from the display RAM 42 has the values 
00 11 10 00, and was to the right of the boundary line, 
for example, the four pixels will be defined by color 
registers 0, 3, 2, and 0, respectively. However, if the 
byte was located to the left of the horizontal color 
boundary line, the four pixels will be defined by color 
registers 4, 7, 6, and 4 respectively. 

In the high resolution mode, if a value X is sent to the 
horizontal color boundary register, the boundary line 
will be between bytes having addresses 2X and 2X-1 
which corresponds to the same position on the screen as 
the low resolution mode but between different bytes. 
Thus, for example, if the value 20 is sent, the boundary 
will be between 39 and 40, corresponding to the center 
of the screen. To put the entire screen, including the 
rightside background, to the left of the boundary line 
64, the horizontal color boundary line register should be 
set to 44. 

If just four color registers are used, all the informa¬ 
tion necessary to generate the color and intensity of a 
particular picture may be stored utilizing only two bits 
of storage together with the color registers. However, 
the left/right bit and eight registers give added flexibil- 



4 , 301,503 


7 

ity. The color and intensity pattern of a picture stored in 
memory may be quickly modified in one step by selec¬ 
tive placement of the horizontal color boundary. For 
example, if the entire screen is to the right of the hori¬ 
zontal color boundary, the colors and intensities of the 5 
pixels will be selected from color registers 0-3. One the 
other hand, placing the entire screen to the left results in 
the colors and intensities of color registers 4-7 being 
utilized. In this manner, the colors and intensities of the 
entire picture may be altered by merely changing the 10 
address of the horizontal color boundary. 

On most television screens, the area 610 defined by 
the display RAM will be somewhat smaller than the 
total screen area. Thus there will generally be extra 
space on all four sides of the display screen not defined 15 
by the display RAM. The color and intensity of this 
area is defined by a two-bit “background” color regis¬ 
ter. These two bits along with the left/right bit combine 
to identify one of the 8 color registers which determines 
the color and intensity of the particular background 20 
area. For example, if the two bits contained in the back¬ 
ground color register have the value 00 the color and 
intensity of the background area to the right of the 
boundary line 54 will be defined by the color register 0, 
with the area to the left defined by the color register 4, 25 
as shown in FIG. 5. 

As described earlier, the function generator is en¬ 
abled to modify pixel data when the data is to be written 
to a memory address “X” less than 4000 H (A14=0) 
and that a modified form of the data is actually written 30 
to memory location X-I-4000 H in the display RAM. A 
register hereinafter called the function generator regis¬ 
ter determines how the data is modified. 

The functions performed on the pixel data are: “ex¬ 
pand”, “rotate”, “shift”, “flop”, “logical-OR” and “ex- 35 
elusive OR”. As many as four of these functions can be 
used at any one time and any function can be bypassed. 
However rotate and shift as well as logical-OR and 
exclusive OR are not done at the same time. The modi¬ 
fied pixel data is stored in the display RAM whereby 40 
the pixels associated with the pixel data appear similarly 
modified when displayed. 

Referring back briefly to FIG. 2, the microcycler has 
an 8-bit data bus 66 connecting the microcycler to the 
video processor 52 and I/O chip 50. The expand func- 45 
tion expands the 8 bits contained on the microcycler 
data bus into 16 bits where each bit of the 8 bits repre¬ 
sents one pixel. In other words, it expands l-bit pixel 
data into 2-bit pixel data. For example, a 0 on the data 
bus is expanded into one 2-bit pixel data value and a 1 on 50 
the data bus into another 2-bit pixel data value. Accord¬ 
ingly, the pixel data before being expanded is encoded 
at a first level which can be decoded into pixel data 
encoded at a second level. Thus, the pixel data on the 
8-bit microcycler data bus is encoded at the first level as 55 
1-bit pixel data and when expanded, it is encoded into 
pixel data at the second level, i.e., 2-bit pixel data. In this 
manner, two-color patterns can be stored in a ROM in 
half the space. 

The generator functions shift, flop and rotate can be 60 
thought of as operating on the pixel data as a whole 
rather than the individual bits of each pixel. Each byte 
of the display RAM 42 can be though of as four 2-bit 
locations, each location corresponding to a pixel and 
storing one of four pixel data values (0-3) although the 65 
pixels are, of course, actually elements of the picture 
displayed on the screen. The four pixel data values of 
the first byte, byte 0, wilt be referred to as PO, PI, P2 
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and P3. PO is composed of the first two bits (or least 
significant bits) of the byte. 

The shift function shifts the pixel data 0,1, 2 or 3 pixel 
locations to the right. FIG. 6 illustrates the effect of the 
above mentioned shifts upon the 3 bytes. The pixel data 
values are shifted relative to each other wherein the 
pixels that are shifted out of one byte are shifted into the 
next byte with the corresponding pixels on the screen 
appearing shifted a similar amount when displayed. 
Zeros are shifted into the first byte of a sequence. 

The output of the flop function is a mirror image of its 
input, the original data. The pixel locations interchange 
pixel data values relative to each other, i.e., the first and 
fourth pixel location of each flopped byte exchange 
pixel data values as to the second and third as shown in 
FIG. 6. The four pixels associated with the flopped byte 
will similarly appear flopped relative to each other 
when displayed on the screen. 

The rotate function rotates a four pixel by four pixel 
block of data 90“ in clockwise direction such that the 
pixel data values are rotated relative to each other. 
FIGS. 7A and 7B illustrate an example of rotation. The 
sixteen pixel data locations correspond to sixteen con¬ 
tiguous pixels displayed on the screen. 

The logical OR and exclusive OR functions operate 
on a byte as 8 bits rather than four 2-bit pixel data. 
When the OR function is used in writing pixel data to 
the display RAM, the input pixel data is logical OR-ed 
with the contents of the display RAM location being 
accessed. The result of the logical OR is sent to the 
display RAM at the above location. The exclusive-OR 
function operates in the same way except that the data 
is exclusive OR-ed instead of logical OR-ed. 

The illustrated system can accommodate up to four 
player control handles \2a-\ld (FIG. 1) at once. Each 
handle has five switches (i.e., the trigger switch, and 
four joy-stick directional switches) and a potentiometer. 
The switches are ready by the CPU 46 via input ports 
through the I/O chip 50 (FIG. 2). These input ports are 
diagrammatically shown in FIG. 8 as input ports 10-lF 
H where the port number indicates its hexadecimal 
address. Thus the port at which the player control han¬ 
dle switches for player 1 are read has a hexadecimal 
address of lOH. 

The trigger switch for each player control handle is 
read at bit 4 and the four directional switches of the 
joy-sticks are read at bits 0-3. The signals from the 
potentiometers are converted to digital information by 
an 8-bit analog to digital converter (FIG. 71A). The 
four potentiometers are read at input ports IC-IF H 
(FIG. 8). All zeros are fed back when the potentiometer 
is turned fully counterclockwise and all I's are fed back 
when turned fully clockwise. 

The 24-button keypad 18 is read at bits 0-5 of ports 
14-17H. The input data is normally zero and if more 
than one button is depressed, the data should be ig¬ 
nored. 

The microcycler functions as an interface between 
the CPU and the peripheral devices. The CPU 46 of 
FIG. 2 has a 16-bit address bus and an 8-bit data bus 
connecting the CPU to the microcycler 60. Referring 
now to FIG. 9, the microcycler 60 combines the 16-bit 
address bus, A0-A15, and the 8-bit data bus, D0-D7, 
from the CPU 46 into one 8-bit microcycle data bus 66, 
MXD0-MXD7, connected to the address chip 56, the 
data chip 54, and the I/O chip 50. One advantage of the 
microcycler is that the number of connector pins of the 
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integrated circuit chips may be reduced since there are 
fewer connecting lines. 

The microcycle data bus can have any of four modes 
which are defined by the contents or data carried by the 
microcycle data bus 66 . Its mode is controlled by con- 5 
trol signals MCO and MCI which are generated by the 
data chip from a plurality of CPU control signals which 
will be more fully explained later. The microcycle data 
bus mo de is also controlled by a CPU control signal 
RFSH which indicates that the lower 7 bits of the ad- lo 
dress bus contains a “refresh” address for refreshing the 
RAM dynamic memories. The CPU control signals are 
discussed more fully in the Zilog Z80-CPU Technical 
Manual and is hereby incorporated by reference as if 
fully disclosed herein. The microcycle modes are 15 
shown below: 


TABLE 1 


RFSH 

MCI 

MCO 

Microcycle Data Bus Contents 

0 

0 

0 

A0-A7 from the CPU 

0 

0 

1 

A0-A7 from the CPU 

0 

1 

0 

A0-A7 from the CPU 

0 

{ 

1 

A0-A7 from the CPU 

1 

0 

0 

A0-A7 from the CPU 

1 

0 

1 

AS-A15 from the CPU 

1 

1 

0 

D0-D7 from the CPU 

1 

1 

] 

D0-D7 to the CPU 


As can be seen above, when the RFSH signal is a 
logical zero or low state, the microcycler will allow the 
address bits A0-A7 from the CPU to be conducted 30 
through regardless of the state of MC O or M CI in order 
to refresh the RAM. However, when RFSH is a logical 
1 (inactive), MCO and MCI determine the contents of 
the microcycle data bus MXD0-MXD7. 

The microcycler as well as the interconnection of the 35 
various integrated circuit chips of the low resolution 
mode system are shown in greater detail in FIGS. lOA- 
C. The microcycler 60 comprises two 8 -line to 4-line 
multiplexers 70 and 72, having four output lines MXE>4- 
MXD7 and MXD0-MXD3, respectively, and each hav- 40 
ing 4A and 4B input lines, an enable input E and a select 
input S. 

The address lines A0-A3 and A8-A11, from a CPU 
address bus 73 from the CPU 56 are connected to the A 
and B input lines of the address multiplexer 72, respec- 45 
tively. Similarly, the address bus lines A4-A7 and A12- 
A15 are connected to the 8 input lines of the address 
multiplexer 70. The address multiplexers 70 and 72 can 
selectively conduct either the “low address” bits AO- 
A7, or the “high address” bits A8-A15, to the microcy- 50 
cle data bus MXD0-MXD7 when enabled. The multi¬ 
plexers have common industry designation number 
74LS257. 

The microcycler further comprises an 8 line bidirec¬ 
tional data gate 74 having 8 input/output lines con- 55 
nected to a CPU data bus 75 from the CPU 56, 8 input- 
/output lines connected to the microcycle data bus 
MXD0-MXD7, a direction input DIR and an enable 
input CD. The data gate 74 can conduct data either 
from the CPU data bus 75 to the microcycle data bus 66 60 
or from the microcycle data bus 66 to the CPU data bus 
75 as determined by the state of the DIR input when 
enabled. 

These three logic elements 70, 72, and 74, function as 
a 24-line to 8 -line multiplexer to sequentially conduct 65 
groups of address signals and groups of data signals to 
the microcycle data bus, in response to the control 
signals MCO and MCI and the CPU control signal 
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RFSH. Alternatively, the gate 74, of the microcycler 
further functions as a gate for conducting data signals 
from the microcycle data bus to the CPU data bus. 

The microcycle data bus 66 is connected to the 
MXD0-MXD7 inputs of the address chip 56, data chip 
54 and I/O chip 50. The microcycler 60 had input lines 
76, 78, and 80 for the control signals RFSH, MCI and 
MCO respecti vely. T he input line 76 operably connects 
the CPU 56 RFSH output to the inputs of a pair of 
NAND gates 81 and 82. The output of the NAND gate 
81 is inverted by an inverter 84 whose output is con¬ 
nected by a line 85 to the enable input ‘E’ of the multi¬ 
plexers 70 and 72 and is also connected to the input of a 
NAND gate 86 whose output is connected to the enable 
input CD of the gate 74. Thus, when the CPU 56 pre- 
pares t o refresh the RAM, the refresh control signal, 
RFSH, will go to the low state causing the output of the 
NAND gate 81 to go high which is inverted by the 
inverter 84. A low state at the enable input E of the 
multiplexers 70 and 72 causes these logic elements to be 
enabled whereby address signals can be conducted to 
the microcycle data bus 66 . A low state on the line 85 
also causes the output of the NAND gate 86 to go high 
which is presented to the enable input CD of the gate 
logic element 74 causing the gate 74 to be disabled 
whereby the outputs of the logic gate 74 are forced to 
an off state. 

The output of the NAND gate 82 is connected to an 
inverter 88 having an output line 90 connected to the 
select inputs S of the multiplexers 70 and 72. Thus, 
when the refresh multiplexer control signal RFSH is 
low, the output of the NAND gate 82 is high. Conse¬ 
quently, the output of the inverter 88 is low. A low state 
presented at the selector input S causes address bits 
presented at the A inputs to be con ducted to the multi¬ 
plexer data bus. Thus when RFSH is low, the low ad¬ 
dress, A0-A7, is conducted to the microcycle data bus 
for use in the refresh cycle. 

The input lines 78 and 80 connect data chip 54 MCI 
and MCO outputs to the inputs of NAND gates 81 and 
82, respectively. When the control signal RFSH is high, 
i.e., a refresh is not being done, the outputs of the 
NAND gates 81 and 82 are determined by the microcy¬ 
cler control signals MCI and MCO, respectively, from 
the data chip 54. Thus, when the control signal MCI is 
in a low state, the output line 85 is also in a low state 
which enables the multiplexer logic elements 70 and 72 
and di sables the gate logic element 74 as wnen the 
RFSH signal is low. Thus, either the low address or the 
high address will be conducted onto the microcycler 
data bus as determined by the control signal MCO. 
When the control signal ‘MCO’ is in a low state, the 
output line 90 is also low which causes the low address 
to be conducted onto the microcycler data bus. If MCO 
is at a high state, the high address is conducted to the 
raicrocycler data bus. 

Control signal MCI (and RFSH) at a high state re¬ 
sults in a high state at control line 85 which disables the 
multiplexers 70 and 72 and enables the gate 74. Thus, 
the data on the data bus 75 for bits D0-D7 from the 
CPU 56 will be gated onto the microcycler data bus 
MXD0-MXD7, or the data on the microcycler data bus 
will be gated onto the data bus of the CPU, depending 
upon the direction input DIR. The direction input DIR 
is connected by a line 92 to the output of the NAND 
gate 82 . Thus, the state of the control signal MCO (with 
RFSH high) determines the direction that the gate 74 
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will gate the data. For example, if MCO is in a low state, 
the output of the NAND gate 82 will be high resulting 
in the contents of the data bus D0-D7 being gated onto 
the microcycler data bus; if MCO is high, the contents of 
the microcycler data bus will be gated onto the data bus 
D0-D7 to the CPU 56. 

A power supply indicated generally at 93 supplies 
+ 15 V, +10 V, +5 and — 5 v to the system. A clock 
circuit 94 comprising a 14.31818 MHz oscillator 96 and 
divider stages 98, provides a 7 MHz_clock signal 7M, 
and an inverted 7 MHz clock signal 7M, to the 7M and 
7M inputs, respectively, of the data chip 54, A clo^ 
signal <t>G, generated by the data chip 54 from the 7M 
and 7M clock signals, is outputted tqa buffer 100 having 
output lines for clock signals »I> and 4). The clock signals 
<1>1 and ^2 are connected to the <1> and $ inputs of the 
address, data and I/O chips. 

The CPU address bus 73 and data bus 75 are con¬ 
nected to the system ROM 48 having inputs AO-A12 
and D0-D7 for the address and data bits, respectively. 
The address bus 73 and data bus 75 are also connected 
to the cassette ROM 24 (not shown) and the extension 
plug 77 (for expanding the system). _ 

The system ROM chip 48 has a chip select input CS 
connected to the output of the chip select logic indi¬ 
cated at 79a and b with the cassette ROM chip select 
input CCS also connected to the output of the chip 
select logic 79a and b. The outputs of the logic 79a and 
b are functions of the CPU control signals MEMORY 
REQUEST (MREQ) and READ (RD), the address bits 
A13-A15 and t he memo ry disable signals SYSEN, 
CASEN, AND BUZOFF from the extender plug 77. 

DATA CHIP 

The CPU control signal lines MEMORY RE¬ 
QUEST, INPUT/OUTPUT REQUEST, READ, and 
MACHINE CY CLE 1 a r e opera tively connected to the 
data chip inputs MREQ, lORQ, RD, and Ml, respec¬ 
tively, from the CPU 56. Two more control lines carry¬ 
ing control signals generated by the address chip 56 are 
connected to the data chip inputs LTCHDO, and 
WRCTL, respectively. The data chip had a VDD input 
connected to a +5 volts source, a VGG input con¬ 
nected to a ,+ 10 volt source, and a DVSS input con¬ 
nected to ground. Two more inputs SERIAL 0 and 
SERIAL 1 are grounded since they are used in the high 
resolution mode. 

The data chip 54 has a plurality of outputs including 
the memory data inputs and outputs MD0-MD7, con¬ 
nected by a memory data bus 102 to the display RAM 
42. The data chip input/output MDO is operatively 
connected to the data input, Dl, and data output DO, 
ports of the RAM chip 104a, with other memory data 
input/outputs, MD1-MD7 of the data chip similarly 
connected to seven RAM chips \Mb-h. The data chip 
also has analog video outputs R-Y, B-Y, VIDEO and 
+ 2.5 volts reference operatively connected to the RF 
modulator 58 (not shown). The data chip has clock 
signal outputs, VERTICAL DRIVE (VERT. DR.) 
and HORIZONTAL DRIVE (HORZ. DR), con¬ 
nected to the address chip 56. Finally, the data chip has 
control signal outputs MCO and MCI connected to the 
microcycler (as noted before) and an output PATEN 
used to generate the write enable signal, WE, for the 
RAM chips. 

A schematic block diagram of the data chip 54 is 
shown in FIGS. IIA-IIF. The microcycle generator 
106 of FIG. HA generates the microcycle control sig- 
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nals MCO and MCI from the CPU control signals 
lORQ, MREQ, RD, and Ml. Also generated are micro¬ 
cycle decoder control signals LOAD LOW (LDLl) 
and LOAD HIGH (LDHl) for loading the low and 
5 high address bits respectively. 

A more detailed schematic diagram of the data chip is 
shown in FIGS. 13A-EE with a composite diagram of 
these figures shown in FIG. 14. T he micr ocycle genera¬ 
tor has an input line 108 for the M REQ control signal 
10 and an input line 110 for the lORQ control signal, both 
of which are connected to the inputs of a NAND gate 
112 whose output is connected by an inverter 114 to the 
inputs of a pair of NOR gates 116 and 118. The micro- 
cycle generator has an input line 120 for the CPU con- 
15 trol signal RD which is connected to the other input of 
the NOR gate 116. The output of the NOR gate 116 is 
connected by an inverter 122 to the input of an AND 
gate 124. 

The output of the NOR gate 118 is connected to the 
20 input of a NOR gate 126 whose output is connected to 
the input of a NOR gate 128 with the output of the 
AND gate 124 connected to the other input of the NOR 
gate 128. The output of the NOR gate 128 is connected 
by a gating transistor 130 which acts as a delay to the 
25 input of a NOR gate 132. The gate of the transistor 130 
is connected to the clock signal line 4>2. <I>2 is the com¬ 
plement of the clock signal <I> and a clock signal il*! is <I> 
uncomplemented. 

The output of the NOR gate 132 is connected by a 
30 gating transistor 134 (which also acts as a delay) to an 
inverter 136 having an output line 138. The gate of the 
“delay” transistor 134 is connected to the clock signal 
<I>1. 

The output line 138 is connected to the inputs of the 
35 AND gate 124 and the NOR gate 126 and is also con¬ 
nected by a delay transistor 140 to the input of a NOR 
gate 142. The gate_of the transistor 140 is connected to 
the clock signal 7M. The output of the NOR gate 142 is 
connected by a delay transistor 144 to an inverter 147 
40 having an output line 148. The gate of the transistor 144 
is connected to the 7M clock signal. 

The output line 148 of the inverter 146 is connected 
to an input of a NOR gate 150 whose output is con¬ 
nected to an inverter 152. A transistor 154 is connected 
45 to the voltage source VDD and to ground by a transis¬ 
tor 156. The gate of the transistor 154 is connected to 
the output of the inverter 152 and the gate of the transis¬ 
tor 156 is connected to the output of the NOR gate 150. 
The junction of the transistors 154 and 156 at the line 80 
50 carries the microcy cle co ntrol signal MCO. 

The MREQ and lORQ input lines, 108 and 110, are 
connected to the input AND gate 160 whose output is 
connected to a NOR gate 162. The output line 138 of 
the inverter 136 is also connected to the input of a NOR 
55 gate 164 whose output is connected to the input of the 
NOR gate 162. The output of the NOR gate 162 is 
connected by a delay transistor 166 to a NOR gate 168. 
The gate of the transistor 166 is connected to the <t>2 
clock signal. The output of the NOR gate 168 is con- 
60 nected by a delay transistor 170 to an inverter 172 hav¬ 
ing an output line 174. The gate of the transistor 170 is 
connected to the ‘hi clock signal. 

The output line 174 is connected to an input of the 
AND gate 160 and inputs of the NOR gates 118 and 164 
65 and is also connected by a delay transistor 176 to a NOR 
gate 178- The gate of the transistor 176 is connected to 
the 7M clock signal. The output of the NOR gate 178 is 
connected by a delay transistor 180 to an inverter 82 
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having an output line 188. The gate of the transistor 180 RD indicates the CPU wishes to write data to memory 
is connected to the clock signal 7M. or an I/O device. 

The output line 188 of the inverter 182 is connected The generation of the microcycler control signals 
to a NOR gate 15K) whose output is connected to an MCO and MCI as a func tion of the CPU control signals, 

inverter 192. A gating transistor 194 is connected to the 5 MREQ, lORQ, and RD together with clock signals <I>1 
voltage source VDD and to a transistor 196 which is and 7M, are illustrated for a plurality of read and write 

connected to ground. The output of the inverter 192 is operations in FIGS. 12A-G . An example of MCO and 

connected to the gate of the transistor 194 and the out- MCI as functions of MREQ RD, and the clock signals 

put of the NOR gate 190 is connected to the gate of the <1>1 and 7M, is shown for a memory write operation in 
transistor 196. The junction of the transistors 194 and 10 FIG. 12A. 

196 at the line 78 carries the microcycle control signal A clock state, T, is defined by one complete period of 
MCI. the clock signal <I>. At the beginni ng of the in itial clock 

The state of the control signal MCI is the same as the state Tl, the CPU control signals MREQ RD are at the 

output of inverter 192 since a high state (logical 1) out- same state as the previous clock state which is a high 

put of the inverter 192 will turn on the transistor 194 15 state with the microcycler control signals MCO and 
causing the MCI line 78 to also go high. Similarly, a MCI also at the same state as the previous clock state 

high output from the NOR gate 190 (when inverter 192 which is a low stat e. During Tl, after the clock signal <j> 

is at a low state) causes the transistor 196 to turn on goes low, MREQ goes low which indicates that the 

which causes the MCI control signal line 78 to also go CPU address bus holds a valid address for the memory 

low. The state of the MCO control line 80 is similarly the 20 write operation. 

same as the state of the inverter 152. Referring to FIG. 1 3, t he NA ND gate 112 has the 

The microcycle generator has another input 200 for control signals MREQ and lORQ presented at its inputs 
the CPU control signal Ml which is connected to the which are both inactive or a logical 1 at the beginning of 

input of a NOR gate 202 having another input con- Tl. When MREQ goes low, the output of the NAND 

nected to the input line 110 for the CPU control signal 25 gate 112 goes high which is inverted by the inverter 114 
lORQ. The output of the NOR gate 202 is connected to presenting a low state to one input of the NOR gate 118 
the inputs of the NOR gates 168, 132, 178,142, 190 and and to one input of the NOR gate 116. The other input 

150. _ of the NOR gate 118 is connected by the line 174 to the 

The Ml CPU control signal is active when low (logi- output of the inverter 172. 
cal 0) and indicates that the current machine cycle is an 30 Since Ml is at a high state, the NOR gates 142, 178, 
operation code fetch cycle of an instruction execution. 150 and 190 function as inverters. Thus the output of the 

Thus, the Ml control signal is normally high (logical 1) inverter 172 at line 174 is at the same state as the previ- 

whenever the CPU is accessing a peripheral device ous MCI state since there are an even number of “in- 
such as a video processor. Hence, the NOR gate 202 verters” between the line 174 and the gate of the output 
haying a logical 1 presented at the input will output a 35 transistor 194 (except insofar as the 7M and 7M delay 
logical 0. This logical 0 is presented at the inputs of the transistors 176 and 180 delay any change in MCI result- 

NOR gates 132, 168, 142, 178, 150 and 190 resulting in ing from a change in the output of the inverter 172 of 

these NOR gates operating as inverters whenever the line 174). 

Ml control signal is hi gh. Thus since MCI is at a low state, the line 174 con- 

Similarly, whenever MI goes low indicating that the 40 nected to the input of the NOR gate 118 is at a low state 
current machin e cycle is the fetch cycle of an instruc- with the other input of the NOR gate 118 at a low state, 

tion execution, lORQ will normally be high with the as noted before. This produces a high state at the output 

same effect u pon the above-mentioned NOR gates with of NOR gate 118 which results in a low state at the 
an exception. lORQ and MI will both go low during an output of the NOR gate 126. 

“interrupt acknowledge” cycle. With these two control 45 The control signal RD is at a high state indicating a 
signals both at a low state, the NOR gate 202 will output write operation which causes the NOR gate 116 to 

a high state causing the NOR gate 150 to produce a low output a low state which is inverted by the inverter 122 

state forcing the control signal MCO to a high state or 1. to produce a high state. The line 138 is at the same state 
In a similar fashion, the output of the NOR gate 190 is (except for a delay) as the previous MCO state (in a 
forced to a low state which also forces the control sig- 50 manner similar to that for the line 174) which causes the 
nal MCI to a high state. output of the AND gate 124 to be low. The NOR gate 

Referring back to the microcycle modes set out in 128 thus has a low state presented at both of its inputs 
Table I, it is seen that where MCO and MCI are both a which results in a high state produced at its output, 

logical 1, the microcycler will gate data from the micro- This output is conducted when the clock signal <1>2 
cycler data bus to the CPU data bus. This data was 55 goes high and is inverted by the NOR gate 132. The 
placed on the microcycler data bus by the peripheral transistor 134 conducts this output when the clock sig- 
device initiating the interrupt and will be used by the nal (j>l goes high resulting in the output of the inverter 
CPU in its response to the interrupt signal. 136 going high. Thus the output of the inverter 136 

The “MEMoRY REQUEST” control signal, assumes the same state as the NOR gate 128 on the 
MREQ, is active when low and indicates that the ad- 60 jxjsitive edge 200 (i.e., going from a low state to a high 
dress bus of the CPU holds a valid address for a mem- state) of the clock signal <1> (FIG. 12A). 

ory read or a memory write operation. The “I NPUT- The high state at the output of the inverter 136 is 
/OUTPUT REQUEST” control signal lORQ, is also conducted by the transistor 140 when the clock signal 

active when low and indicates that the lower half of the 7M goes high which is inverted by the NOR gate 142 

address bus holds a valid I/O address for a I/ O read or 65 and conducted by the transistor 144 when the clock 
write operation. The read control signal, RD, is active signal 7M goes high. The logical 0 is then inverted by 
when low and indicates that the CPU wishes to read the inverter 146, NOR gate 150, and inverter 152 to 

data from the memory or an I/O device. When high, produce a high state at the output of the inverter 152 
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which turns on the transistor 154 to produce the high carries the signal LDLl which is a logical 1 when MCO 

state at the line 86 which is the MCO control signal line. is a logical 1, MCI a logical 0 and (tl a logical 0. 

Referring back to FIG. 12A, it is seen that the control Each of the address, data, and I/O chips has a plural- 
signal MCO goes to a high state on the positive edge 202 ity of registers. Each of these registers is individually 
of the clock signal 7M which follows the positive edge 5 addressable by the CPU for inputting or outputting data 
200 of the clock si gnal «t> occurring after the CPU con- contained in the register. 

trol signal MREQ goes low. The data chip is shown in FIG. IIB to the microcycle 

When MCO changes from a low state to a high state, decoder 212 which assembles 11 address bits AO-AIO 
the contents of the microcycle data bus changes from from the low address bits, A0-A7, and high address bits, 
the low address, A0-A7, to the high address, A8-A15. 10 A8-A15, transmitted from the microcycle data bus. Tbe 
Thus the 16 address bits from the CPU are transmitted microcycle decoder 212 has an eight bit input line con- 

to the video processor and I/O chip in 2 eight-bit nected to all the bits of an eight-bit data chip data bus 

groups or slices. a three-bit input line connected to the lower 3 

The output of the inverter 136 rising to a high state bits of the data bus 66a. The microcycle data bus 66 is 
causes the NOR gate 164 having an input connected to 15 connected to the data bus 66c by a tristate buffer 273 
the output line 138 of the inverter 136 to fall to a low (FIG. IIC). (Other buffers shown in the more detailed 
state. The output of the AND gate 160 is also low since schematic FIG. 13 are omitted from the FIGS. IIA-F 
MREQ is low causing the output of the NOR gate 162 for clarity). 

to go high. This high output appears at the output of the The microcycle generator 106 (FIG. IIA) generates 
inverter 172 at the line 174 on the positive edge 204 20 control signals LDLl and LDHl to signal that the 
(FIG. 12A) of the clock signal <l> marking the start of microcycle data bus contains the low address bits or the 
the clock state Tw. high address bits, respectively. The microcycle decoder 

The high state then appears at the gate of the transis- 212 is operatively connected to the microcycle genera¬ 
tor 194 on the positive edge 206 of the clock signal 7M tor to input these control signals such that the decoder 
(FIG. 12A) causing the control signal MCI to rise to a 25 latches up the low address bits from the eight bit input 
logical 1. The RD signal is at a high state (indicating a lines when LDLl is high and subsequently the high 

write operation) which causes the NOR gate 116 to address bits A8-A10 on the three bit input line when the 

output a “zero” which is inverted by the inverter 122. control signal LDHl is a high. The 11 bits latched in the 
The output of the inverter 136, which is at a high state, microcycle decoder are utilized to address the registers 
is returned to the AND gate 124 causing the AND gate 30 on the data chip. The microcycle decoder has an 11 bit 
to output a “one" which causes the NOR gate 128 to output bus AO-AIO which is connected to an address 
output a “zero”. This low state appears at the output of decoder 214 which decodes the address bits to activate 

the inverter 136 on the positive edge 204 of the clock one of a plurality of register select lines 216-222. Regis- 

signal <l> (FIG. 12A). The low state then appears at the ter select line 216 actually represents eight register se- 
MCO control signal line 80 on the positive edge 206 of 35 lect lines for eight different “color” registers 224. 
the 7M clock signal (FIG. 12A). In addition to the proper address, the register select 

With MCO at a low state and MCI at a high state, the lines 216-221 require th e concurre nce of a data chip 

contents of the CPU data bus are gated onto the micro- generated control signal, OUTPUT, in order to be acti- 
cycle data bus. Thus data placed on the CPU data bus is vated. The eight color register select lines 216 f urther 
transmitted to the peripheral devices on the microcycle 40 require a CPU generated control signal lORQ. The 
data bus. register select line 222 requires the conc urren cy of an- 

During clock state T3, MREQ returns to a high state. other data chip generat ed c ontrol sign al INPUT, to be 
Since MREQ as well as the output of the inverter 172 at activated. The INPUT and OUTPUT signals are func- 
line 174 and lORQ are at a high state, the output of the tions o f Z-80 CPU control signals including MREQ, 
AND gate 160 is high which causes the output of the 45 lORQ, RD and Ml and are generated to compensate 
NOR gate 162 to go low. This low output appears at the for any delay caused by the microcycler, 
line 172 on the positive edge 208 of the <1>1 clock signal The register select lines 216-221 are operatively con- 

at clock state Tl. The low state at line 172 appears at the nected to eight color registers 0-7 , an “expand” regis- 

gate of the output transistor 194 (with a high state at the ter, “function generator” register, “vertical blank” reg- 
gate of the transistor 196) at the positive edge 210 of the 50 ister, "horizontal color boundary” and “background 
clock signal 7M causing the microcycle control signal color” register and “low/high resolution mode” regis- 

MCl to go low. The microcycler is now ready to trans- ter, respectively. The line 222 is operatively connected 

mit the low address of the next address presented at its to a multiplexer, which when activated causes the mul- 

inputs. The relationship of the microcycler control tiplexer to select the output of an “intercept” register, 

signals MCO and MCI to the CPU control signals and 55 In this manner, the CPU may select any particular regis- 
system clock signals fh and 7M is shown for a variety of ter of the data chip by transmitting an address corre- 

other read and write operations in FIGS. 12B-G. spending to the register which is transmitted in two 

The microcycler further comprises a NOR gate 201 groups, the low and high addresses, by the microcycler 

having inputs connected to outputs of the inverters 146 to the microcycle decoder which reassembles the ad- 

and 182 and to the clock signal *hl. A NOR gate 203 60 dress bits into address bits AO-AIO. These bits are then 

also has inputs connected to the output of the inverter decoded and the corresponding register select line is 

182, to the output of the inverter 146 by an inverter 205, activated which enables the addressed register to input 

and to the clock signal input An output line 226 of or output data to the CPU via the microcycle data bus. 

the NOR gate 201 carries the microcycle decoder con- The microcycle decoder 212 and address decoder 214 
trol signal LDLl which is a logical 1 when the outputs 65 are shown in greater detail in FIG. 13. The microcycle 
of the inverters 146 and 182 are a logical 0 (correspond- decoder 212 comprises an 11-bit latch with the eight 

ing to both MCO and MCI a logical 0), together with least significant bits A0-A7 each having an input con- 

d>l a logical 0. An output line 228 of the NOR gate 203 nected to the D0-D7 lines, respectively, of the data bus 
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66 c. Each of the A0-A7 bits of the latch also have an 
input connected to the LDLl control signal line 226 
and an input connected the line 226 through an inverter 
227. The most significant bits A8-A10 each have an 
input connected to the D0-D2 lines, respectively, of the 
data bus 66 c and each has an input connected to the 
LDHl control signal input line 228 directly, and an 
input connected to the line 228 through an inverter 229. 

_The AO bit has output lines AO and its complement 

AO with the A1 bit having outputs Al, AT, etc. all 
connected to the address decoder 214. 

An example of a bit circuit of the latch of the micro¬ 
cycle decoder is shown in FIG. 13. The input of the AO 
bit circuit of the latch is connected to a gating transistor 
230 whose gate is connected to the LDLl control signal 
line 226. The 1 input is also connected to the DO line of 
the data bus 6612 which carries (among others) address 
bits AO and A 8 . Transistor 230 is connected to an in- 


18 _ 

264 s o that in addition to the proper address, the OUT¬ 
PUT control signal must be low in order for one of 
these control lines to output a logical 1. For example, if 
the address bits A7, A6, A5, A4, A3, A2, Al and AO 
5 (A7 being the most significant) have the values 0, 0, 0, 1, 
1, 0, 0 and 1, res pectively, t he control line 217 will be a 
logical 1, if the OUTPUT control signal is also low. 
Since the PLA output line 217 is the “expand” register 
select line, the expand register will be selected if the 
10 address bits A7-A0 have the value 00011001 or 19H. 
Thus 19H is the hexadecimal address of the expand 
register. If any of the address bits A7-A0 are different 
from the values just listed, the expand register will not 
be selected. For example, if the address bit A7 is a 1 
15 instead of a 0, the pull-down transistor 254 associated 
with the A7 input line and the PLA output line 217 will 
be turned on which pulls the output line 217 to a logical 
0 . 


verter 232 whose output is the AO output line of the AO The output line 222 has an associated address 8H and, 
latch which is also connected to an inverter 234 whose 20 as seen in FIG. IIB, is the “intercept” register select 
output is the AO output line. The output of the inverter lin e. The in tercept register select line 222 is coupled to 

234 is connected to a gating transistor 236 whose gate is an INPUT control signal line 266 by a pull-down tran- 

connec ted to t he output of inverter 227 (FIG. 13) which sistor 2 68 so that in addition to the address 8H, the 
carries LDLl. The output of the transistor 236 is con- INPUT control signal must be low in order for the 
nected to the input of the inverter 232. 25 register select line 222 to be at a logical 1 state which 

The bit on the DO line of the data bus 66a is presented will select the intercept register, 
to the input of the transistor 230 which is gated by the The output lines 238 and 239 are connected to the 
LDLl control signal when the DO line carries the ad- input of a NOR gate 270 whose output is connected to 
dress bit AO. The inverter 232 inv^s the address bit AO a NOR gate 272. The other inputs of the NOR gate 272 
and outputs the bit as address bit AO. The output of the 30 are the control signal line 262 and a lORQ control sig- 
inverter 232 is inverted by inverter 234 whose output is nal line 270. Thus, either of two hexadecimal addresses, 

the address bit AO. The bit AO is stored in the AO bit of BH or OH, will cause the output of the NOR gate 270 

th^latch in this manner. to go low which will cause the output of the inverter 

The address decoder is shown in FIG. 13 to comprise 272 to go hig h if th e control signal OUTPUT and the 
a programmed logic arr ay (PLA ) having a plurality of 35 control signal lORQ are both low. 
input lines AO-AIO and AO-A10 connected to the cor- The output lines 240 and 241, 242 and 243, etc. are 
responding output lines of the microcycle decoder 212. also connected to a plurality of NOR gates 271 which 

A plurality of output lines 217-222 and 238-253 are are connected to a plurality of NOR gates 272 which 

selectively coupled to the PLA input lines by a plurality also have inputs connected to the OUTPUT control 
of pull-down transistors, each of which is represented 40 signal line 262 an TORQ control signal line 270. The 
by a small circle 254. output lines 216 of the NOR gates 272 are the register 

An example of these pull-down transistors, the tran- select lines for the color registers 224, as seen in FIG. 
sistor coupling the input line AlO to the output line 238 IIB. 

is shown in greater detail in FIG. 16. If the address bit Thus, either the hexadecimal address 8H or BH will 
AlO equals 1, i.e., a high state, the AlO address line will 45 select color register 0. There is an extra address for each 
cause the pull-down transistor 254 to turn on which color register to accommodate a color block transfer 

pulls down” the output line 238 to ground. operation which will be described in more detail later. 

Each output line 217-222 and 238-253 is connected to Thus, the CPU may address or select a particular 
the voltage source VDD by a pull-up transistor 260 register in order to input or output data from or to that 

referring back to FIG. 13. A logical 1 on any address bit 50 register by transmitting the register’s associated address 
input line coupled to an output line will cause that out- together with the proper CPU control signals. The 

put line to be grounded which is a low state or logical microcycler transmits this address in two groups, the 

low and high addresses, which are then reassembled by 
The input lines of the PLA are selectively coupled to the microcycler decoder 212. The address latched in the 
the output lines by the pull-down transistors 2M such 55 microcycler decoder is decoded by the address decoder 
that a particular output line will produce a logical 1 214 which activates a register select line. The register 

only when a predetermined address consisting of a pre- select line enables the associated register to input from 

determined combination of I’s and O ’s are pre sented on or output data to the microcycle data bus. The hexadec- 

the address input lines AO-AIO and AO-AIO. ____ imal addresses for the input and output ports or registers 

_T]he output lines 217-221 are coupled to the OUT- 60 for the Address, Data and I/O chips are set forth in 
PUT control signal line 262 by pull-down transistors Table II below: 
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TABLE ll-continued 


OUTPUT 


INPUT 


PORTS 


PORTS 


PORT 


PORT 


ADDRESS 

FUNCTION 

ADDRESS 

FUNCTION 




Multiplexer 

IH 

Color Register 1 

EH 

Vertical Feedback 

2H 

Color Register 2 


Register 

3H 

Color Register 3 

FH 

Horizontal Feedback 
Register 

4H 

Color Register 4 

KtH 

Player 1 Handle 

5H 

Color Register 5 

IIH 

Player 2 Handle 

6H 

Color Register 6 



7H 

Color Register 7 

12H 

Player 3 Handle 

8H 

Low/High Resolution 

Register 

13H 

Player 4 Handle 



14H 

Keypad Column <^ 

9H 

Horizontal Color 

Boundary Register 


(right) 


Background Color 

Register 

15H 

Keypad Column 1 



16H 

Keypad Column 2 

AH 

Vertical Blank 

Register 

17H 

Keypad Column 3 
(left) 

BH 

Color Block Transfer 



CH 

Function Generator 

Register 



DH 

Interrupt Feedback 

Register 



EH 

Interrupt Enable and 

Mode Register 



FH 

Interrupt Line Register 



14>H 

Master Oscillator Register 



IIH 

Tone A Frequency Register 



12H 

Tone B Frequency Register 



I3H 

Tone C Frequency Register 



14H 

Vibrato Register 



15H 

Tone C Volume, Noise Modulation 
and MUX registers 



16H 

Tone A Volume and Tone B 

Volume Registers 



17H 

Noise Volume Register 



18H 

Sound Block Transfer 



19H 

Expand Register 




The functional generator of the video processor can 
perform a variety of functions or modifications to the 
pixel data as the data is written to the display RAM by 
the CPU from the system or cassette ROM. The func¬ 
tion generator is enabled when the address of the data is 
less then 4,CKX)H (address bit A14 equal to 0). The func¬ 
tion generator is contained on the data chip 54 and is 
shown in FIG. IIC to comprise a 7-bit function genera¬ 
tor register 274 which is connected to the data bus 66a 
by a 7-bit input line 276. The data chip data bus 66a is 
operatively connected to the microcycler data bus 66 
by the tri-state buffer 273 shown in FIG. 13 to comprise 
8 units 273a-/i. (Buffer unit 273c, typical of the units 
273a-/!, is shown in greater detail in FIG. 17). The 
output 1 of each unit is connected to the data bus 66o by 
a buffer 611 (logically similar to that shown in FIG. 18). 

The data contents of the register 274 determine how 
the pixel data is to be modified. The CPU 46 (FIG. 2) 
may output data to the register 274 by transmitting the 
address CH to the microcycle decoder 212 and address 
decoder 214 of FIG. IIB which activates the function 
generator register select line 218. When the register 
select line 218 is activated, the function generator regis¬ 
ter 274 is enabled to input (or latch up) the 7 bits of data 
transmitted by the CPU. The bits of the data contained 
within the function generator register 274 relate to dif¬ 


ferent modifications of the pixel data as shown below in 


Table III: 

TABLE III 

Bit 0 

1 

Least Significant Bit of Shift Amount 

Most Significant Bit of Shift Amount 

2 

Rotate 

3 

Expand 

4 

OR 

5 

Exclusive-OR 

6 

Flop 


The order in which the functions are performed is as 
follows; expansion is done first; rotating or shifting; 
flopping; and logical-OR or exclusive-OR. The video 
processor performs the modifications in response to the 
data stored in the function generator register. A logical 
0 or 1 in the bits 2-6 determine whether or not the 
corresponding function is performed. Bits 0 or 1 of the 
function generator register determine the amount, if 
any, of the shift. As many as four of these functions can 
be used at any one time and any function can be omit¬ 
ted. However, rotate and shift as well as logical-OR and 
exclusive-OR cannot be done at the same time. 

The expand function expands the 8 bits contained on 
the microcycle data bus ^ four bits at a time into 16 
bits. It expands a 0 on the microcycle data bus into one 


45 


50 


55 


60 


65 
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2-bit pixel and a 1 into another 2-bit pixel. Thus, two- 
color patterns can be stored in the system or cassette 
ROM in half the memory space. 

The expand function is performed by an expander 
indicated generally at 278. During each write operation 5 
to the display memory using the expander 278, either 
the upper half (D4-D7) or the lower half (D0-D3) of 
the data bus 66a is expanded but the expand function 
may be bypassed, as will be more fully explained below. 
The half that is expanded is determined by an expand 10 
flip-flop 282 having a reset input connected to the func¬ 
tion generator register select line 218 and an output 
connected to a multiplexer 282. The flip-flop 280 is reset 
by an output to the function generator register 274 and 
is toggled after each write operation to the display 15 
RAM in which the function generator is utilized. The 
multiplexer 282 is responsive to the flip-flop to select 
either the upper half, or lower half, of the bits contained 
on the data bus 66a and output the selected bits on a 
4-bit multiplexer data bus 284 for expansion. The upper 20 
half of the data bus 66a is expanded when the flip-flop 
280 is at a low or zero state, and the lower half is ex¬ 
panded when the flip-flop toggles to the high state. 

A 4-bit “expand” register 286 having a 4-bit output 
line 288 determines the pixel values into which the data 25 
contained on the multiplexer data bus 284 can be ex¬ 
panded. A 0 on the multiplexer data bus will be ex¬ 
panded by an expand decoder 290 connected to the 
expand register output bus 288 and multiplexer output 
bus 284 into the pixel value determined by bits 0 to 1 of 30 
the expand register 286. A 1 on the multiplexer data bus 
will be expanded into the pixel value determined by bits 
2 and 3 of the expand register 286. Thus, the pixel data 
on the multiplexer data bus is encoded at the first level 
to identify either the 0 and 1 or 2 and 3 bits of the ex- 35 
pand register. In this manner, the data from the com¬ 
puter is decoded into pixel data encoded at the second 
level, i.e., the pixel data stored in the expand register, 
which is transmitted when the particular bits of the 
expand register are selected and identified. The second 40 
level pixel data is stored in the display RAM after other 
modifications, if any, are performed. The pixel data 
stored in the RAM, when read, is utilized together with 
the left/right bit to select a color register to generate 
the pixels of the display as explained hereinbefore. 45 

The expand register 286 has an address 19H at which 
the CPU may access the expand register in order to 
change the contents. The address 19H (together with an 
OUTPUT signal) transmitted to the address decoder 
214 (FIG. IIB) causes the expand register select line 50 
217 to be activated which enables the expand register 
286 to receive data on the data bus 66c. In this manner, 
the pixel data values into which data is expanded may 
be changed. 

The expander 278 is shown in greater detail in FIG. 55 
13. The expand flip-flop 280 has a reset input R con¬ 
nected to the function generator register select line 218 
so that the flip-flop is reset with each output of data to 
the function generator register 274. The flip-flop has a 
clock input C connected to a clock input line 292 and a 60 
clock input ^ also connected to the clock signal input 
line 292 throu gh an in verter 294. (The line 292 carries a 
clock signal, SHIFT, which will be more fully ex¬ 
plained hereinafter.) 

An output Q is connected to a D input of the flip-flop 65 
280 so that the flip-flop toggles with each clock signal 
which occurs with each write to the display RAM. The 
output Q is also connected by a line 296 to the gates of 
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four transistor switches 29Sa-d of the multiplexer 282. 
An output Q of the flip-flop is connected by a line 300 
to the gates of four transistor switches 302a-rf. (The 
flip-flop 280 is shown in greater detail in FIG. 19). 

The inputs of the transistor switches 29Sa-d are con¬ 
nected to the four most significant bits (the upper half) 
of the data bus 66a with the transistor switches 302a-rf 
connected to the four least significant bits (the lower 
half) of the data bus 66a. If the state of the expand flip- 
flop 280 is a logical 1, the transistor switches 302a-d 
will conduct the lower half of the data bus 66a to the 
expander. Otherwise, a logical 0 will cause the transis¬ 
tor switches 298a-298if of the multiplexer 282 to con¬ 
duct the upper half of the data bus 66a. 

The output of the transistor switches 302£f and 29Sd 
are connected by an inverter 304 to the gates of a pair of 
transistor switches 306a and 306fi of the expander de¬ 
coder indicated generally at 290. The output of the 
inverter 304 is also connected by an inverter 308 to the 
gates of a pair of transistor switches 310o and 310fi. 

A line 312a is connected to grond by a transistor 314 
whose gate is connected to the output of bit 0 of the 
expand register 286. (The logic design of each bit of the 
expand register is similar to that of the bit of the latch of 
the microcycle decoder 212 shown in FIG. 15). The line 
312a is connected to the voltage source VDD by the 
transistor 306a and a pull-up transistor 316. 

If the state of bit 0 of the expand register 286 is a 
logical 1, the transistor 314 is turned on which pulls the 
line 312 to ground or logical 0, otherwise it is a logical 
1. Thus the contents of bit 0 of the expand register 
controls the logic state of the line 312 wherein the logic 
state of the line 312 is the complement of bit 0 of the 
expand register 286. In a similar manner, the logic state 
of a line 312b connected to the transistor switch 306^ is 
the complement of the value of bit 1 of the expand 
register 286. 

Also the logic state of a pair of lines 318a and 318f) are 
the complements of the bits 2 and 3, respectively, of 
expand register 286. The lines 318a and 3186 are con¬ 
nected to the transistor switches 310a and 3106, respec¬ 
tively. 

If the input of the inverter 304 (either bit 0 or bit 4 of 
data bus 6fa, depending upon flip-flop 280) is a logical 
0, the transistors 306a and 3066 ae turned on, which 
selects the lines 312a and 3126 which contain the com¬ 
plemented values of bits 0 and 1 of the expand register. 
On the other hand, if the input of the inverter 304 is a 1, 
the transistors 310a and 6 are turned on which selects 
the lines 318a and 3186 containing the complemented 
values of the bits 2 and 3. The transistors 306a and 310a 
are connected to a common output line referred to as 
expand data bit 0 or EDBO. Similarly, the transistors 
3066 and 3106 are connected to output line EDBl; thus 
a bit from the multiplexer 280 at inverter 304 is ex¬ 
panded into the logic states of lines EDO and EDI, or 
simply bits EDO an EDI. A 0 is expanded into bits EDO 
and EDI which are defined by the complement of bits 
0 and 1 of the expand register and a 1 is expanded into 
bits EDO and EDI defined by the complement of bits 2 
and 3 of the expand register 386. 

In a similar manner, the remaining bits of the lower 
half of the data bus 66a, (or remaining bits of the upper 
half if the upper half of the microcycler data bus is 
selected by the multiplexer 282) are expanded into the 
expand data bits ED2 and ED3, ED4 and EDS, and 
ED6 and ED7 which are also defined by the comple¬ 
ment of either bits 0 and 1 or 2 and 3 of the expand 
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register. For example, if the expand register bits 0 and 1 
contain the values 1 and 0, respectively, the expand 
register bits 2 and 3 contain the values 0 and 0, respec¬ 
tively, and the half of the microcycler data bus being 
expanded has the values 0, 1, 1 and 0. These values will 5 
be expanded into the pixel values 01, 00, 00 and 01, 
respectively. 

A pixel is generally represented by 2 bits so that a 
byte of pixel data having 8 pixel data bits or 
PDB7-PDB0, represents four pixels with the first pixel 10 
represented by pixel data bits PDBO and PDBl, the 
second pixel by PDB2 and PDBl, etc. The pixel data bit 
PDB6 will be referred to as the low bit of the first pixel 
with PDB7 as the high bit. Similarly, the second pixel 
has low and high bits PDB4 and PDB5, etc. 15 

-The functions shift, rotate, and flop can be thought of 
as operating on pixels as a whole rather than as individ¬ 
ual bits. Accordingly, there is provided a shifter, rota¬ 
tor, and flopper for both of the two bits of data repre¬ 
senting pixels. Thus, referring to FIG. IIC, there are 20 
provided shifter circuits 320a and b. rotator circuits 
322a and b, and flopper circuits 324a and b, for the low 
pixel data bits (PDB6, PDB4, PDB2 and PDBO) and the 
high bits (PDB7, PDB5, PDB3 and PDBl), respec¬ 
tively, of a byte of pixel data. 25 

The expand function, as with all the other functions, 
may be bypassed. Accordingly, the expand decoder 290 
has a 4-bit output line 326a for the low pixel data bits 
connected to inputs of a 2-to-l multiplexer 328a and a 
four-bit output line 326b for the high pixel data bits 30 
connected to inputs of a 2-to-l multiplexer 32Sb. The 
other four inputs of the multiplexer 328a are connected 
to the low bits (D6, D4, D2 and DO) of the data bus 66a 
by a 4-bit input line 330o with the other 4 inputs of the 
multiplexer 328f> connected to the high bits D7, D5, D3 35 
and D1 by a line 3306. 

The output of the function generator register 274 is 
connected by a 7 bit output line 332 t o a l atch 334 hav¬ 
ing a control input line for address bit A14 conne cted to 
the address bus 75 of the CPU. When address bit A14 is 40 
low, the contents of the function generator register are 
gated through the latch 334. The output of the latch 334 
corresponding to bit 3 of the function generator register 
is connected to the select inputs of the multiplexers 328a 
and 3286 by a line 336. Thus, bit 3 of the function gener- 45 
ator register controls the multiplexers 328a and 3286. 

If bit 3 is a 0, for example, the multiplexer 328a will 
conduct the low bits of pixel data from the expand 
decoder 290 but if bit 3 is a 1, the multiplexer 328a will 
conduct the low bits of pixel data from the data bus 66a. 50 
The multiplexer 3286 operates in a similar manner for 
the high bits of pixel data. In this manner, the expand 
function may be bypassed by placing a 1 in bit 3 of the 
function generator register. 

The output of the multiplexer 328a is connected to 55 
the inputs of the shifter 320a and to the inputs of the 
rotator 322a with the output of the multiplexer 3286 
connected to the inputs of the shifter 3206 and rotator 
3226. As noted before, the shift and rotate functions are 
not performed at the same time. Bits 0 and 1 of the 60 
function generator register 274 control the amount of 
shift, if any, performed by the shifters 320a and 6. The 
outputs of latch 334 corresponding to the bits 0 and 1 
are connected to the shifter 320a and 3206 by a 2 bit line 
338. 65 

Bit 2 of the function generator register controls 
whether a rotate is performed and its corresponding 
latch output is connected to rotators 322a and 3226 by 
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a line 340. The output of the shifter 320a and the rotator 
322a are connected to the inputs of the flopper 324a 
with the output of rotator 3226 and shifter 3206 con¬ 
nected to the input of flopper 3246. The output of the 
latch 334 corresponding to bit 6 of the expand register 
274 is connected to the floppers 324a and by a line 342 
and controls whether a flop function is performed. 

The function generator register 274 is shown in FIG. 
13 to comprise a 7-bit register having 7 inputs con¬ 
nected to the D6-D0 bits of the data bus 66a. (The logic 
design of each bit of the register 274 is also similar to the 
bit of the latch of the microcycle decoder 212 shown in 
FIG. 15). The latch 334 comprises NOR gates 334a-g 
each having an input connected to the address bit line 
A14 and an input connected to an output of bits 6-0 , 
respectively, of the function generator 274. The func¬ 
tion generator register select line 218 is connected by a 
buffer 385, and by an inverter 346, to the function gen¬ 
erator register 274. 

The multiplexer 3286, rotator 3226, shifter 3206 and 
flopper 3246 for the high pixel data bits are constructed 
and operate in a manner similar to the multiplexer 328a, 
rotator 322a, shifter 320a and flopper 324a, for the low 
pixel data bits. Therefore, only those modifiers for the 
low pixel data bits (PDB6, PDB4, PDB2 and PDBO ) 
will be described in detail. The high and low pixel data 
bits are modified at the same time and reassembled be¬ 
fore being written to the display RAM. 

The output of the NOR gate 334if (corresponding to 
bit 3 of the function generator register) is connected by 
line 336 to the select input A of the 4 units 328a0, 328ai, 
328a4 and 328a6 of the multiplexer 328a. The line 336 is 
also connected to the select input B of each multiplexer 
unit by an inverter 348. 

One such multiplexer unit, 328a0, is shown in greater 
detail in FIG. 20. The multiplexer unit 328a0 has an 
input lA, connected to the unexpanded MDO bit of the 
data bus 66a and an input, IB, connected to the bit EDO 
of the expand data bus 326a. The EDO input is con¬ 
nected to a D type flip-flop shown generally at 349 
having outputs 4 and 5, by a transistor switch 350 hav¬ 
ing a gate connected to the line 336 (not shown). The 
MDO input is connected to the D flip-flop 348 by a 
transistor switch 351 whose gate is connected to the line 
336 through the inverter 348 (also not shown). Thus if 
the line 336 is logical 1 (which is controlled by bit 3 of 
the function generator register when the address bit 
AI4 is a logical 0), the EDO bit from the expander is 
conducted to the D flip-flop. The output of this D flip- 
flop defines pixel data bit PDBO. The output of the eight 
flip-flops of the multiplexer 328a and 6 for the low and 
high pixel data bits, respectively, together define 
PDB7-PDB0. Thus if the line 336 is logical 1, the pixel 
data bits PDB7-PDB0 will be determined by expand 
bits ED7-ED0. But if the line 336 is a 0, the unexpanded 
bit from the data bus 66a is conducted to the D flip-flop 
and PDBO is defined by MDO. In such a manner, bit 3 of 
the function generator register determines whether the 
expand function is utilized or whether the pixel data 
from the microcycle data bus is transferred directly. 
Each multiplexer unit of multiplexer 328a has an output 
line 352a-d, respectively, and carries the low pixel data 
bits PDBO, PDB2, PDB4 and PDB6, respectively. 

The output line of each multiplexer unit is connected 
to the shifter for the low pixel data bits, indicated gener¬ 
ally at 320a and the rotator for the low bits, indicated 
generally at 322a in FIG. 13. The shifter 320o comprises 
a programmed logic array (PLA) 321 having a plurality 
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of input lines selectively coupled to a plurality of output 
lines 368a-/> by a plurality of pull-down transistors 350. 
The output lines i52a-d of the multiplexer 328(2 are four 
of the PLA input lines. 

The shifter 320a further comprises a register 354(2 5 
having 4 bits 354(20, 354(22, 354(24 and 354(26 which are 
connected to the inputs 3S6a-d of the PLA 321, respec¬ 
tively, (with bit 354(20 shown in greater detail in FIG. 
21.) The register 354(2 stores the 4 low bits of the last 
pixel data byte from the CPU to be written to the dis- 10 
play RAM which may be the previous byte of the se¬ 
quence of bytes (such as those shown in FIG. 6) to be 
shifted. The register 354(2 is also clocked bv the signal 
SHIFT. 
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line 352c which carries the bit PDB4 from the multi¬ 
plexer. Thus output line 368g (PDB2 of the shifter) has 
the complement of the logic state of PDB4 from the 
multiplexer. Output line 368A' (PDB4) has the comple¬ 
ment of the bit PDB6 from the multiplexer. 

The output line 368o of the shifter corresponding to 
PDB6 is coupled by a pull-down transistor 3S0d to the 
output bit 354(20 of the register 354(2. Register 354(2 
stores the low pixel data bits of the previous pixel data 
byte from the CPU to be written to memory. Bit 354(20 
contains the pixel data bit PDBO of the previous byte. 
Thus the logic state of the output line 368o (PDB6) is 
the complement of the bit PDBO of the previous byte to 
be written. 


The NOR gate 344a (corresponding to bit 0 of the 15 Thus, for example, if the output bits PDB6, PDB4, 
function generator register) of the latch 334 is con- PDB2 and PDBO of the multiplexer 328a are the low 
nected by a line 358 to another input of the PLA 321. bits of the 8 bits representing the pixel values P7, P6, P5 
The line 358 is also connected to an input 359 by an and P4, respectively, of byte 1 of the sequence of bytes 
inverter 360. NOR gate 3446 (correspon(jing to bit 1 of to be shifted shown in FIG. 6, and the output of the 
the function generator register) of latch 334 is con- 20 register 354a0 is the low bit of the 2 bits representing 
nected by a line 362 to an input of the PLA, with the pixel vale PO of the prior byte of the sequence, it is seen 

line 362 also connected to an input 364 by an inverter that the low pixel data bits PDB6, PDB4, PDB2 and 

366. Bits 0 and 1 of the function generator register de- PDBO of byte 1 (together with the high pixel data bits 
fine the least and most significant bits of the shift PDB7, PDB5, PDB3 and PDBl) represent pixel data 
amount performed by the shifter 320a. Each of the 25 values PO, P7, P6 and P5, respectively, after a shift 
output lines 368a-/? is connected to the voltage source operation of 1 pixel position. 

VDD by one of a plurality of pull-up transistors 370. It is assumed that the first byte of pixel data of a 

The actual amount of the shift performed by the sequence of bytes to be shifted is the first byte to be 

shifter 320a is the complement of the bits contained written to the display RAM after an output by the CPU 

within bits 0 and 1 of the function generator register 30 to the function generator register. Accordingly, each 
since the NOR gates 344a and b invert the outputs of bit of the register 354a has a reset input connected by a 
bits 0 and 1 when the address bit A14 is low. Thus, if bits line 372 to the function generator register select line 218 
0 and 1 have the value “H”, this is complemented to the such that the register 354a is reset to 0 with each output 

values “00” resulting in a shift of 0 pixel positions. to the function generator register. Thus zeros are 

A shift of 1 position shown in FIG. 6 will be ex- 35 shifted into the first byte of a sequence as shown in FIG. 
plained to illustrate the operation of the shifter 320a. If 6. Each sequence is initialized by an output to the func- 
the bits 1 and 0 of the function generator register have tion generator register and therefore data should not be 

the value “10”, the complement of this is “01” indicat- sent to the function generator register in the middle of 

ing a shift of 1 pixel position. Thus, the line 358 will the sequence. 

have the logic value of 1 with the line 362 at a logic 40 The output pixel data of the shifter are in comple- 
value 0. The lines 359 and 364 will, of course, be a mented from (whether shifted or not) and will be re- 

logical 0 and 1, respectively. As seen by the placement (implemented by the flopper indicated generally at 

of the pull-down transistors 350, a logical 1 on the line 324a . The NOR gate 344g has an input connected to the 
358 and the line 364 results in all the output lines being A14 address bit and an input connected to bit 6 of the 
pulled down to logical 0 except output lines 368c, 368g, 45 function generator register 274 which determines 
368i and 368o since these lines do not have a pull-down whether the flop function is performed when A14 is 
transistor coupled to either the input line 358 or 364. low. The output of the NOR gate 344g is connected by 
The output line 386e does have a pull-down transistor a line 374 to the gates of four transistor switches 316a-d. 
350a coupled to the input line 3526 which carries pixel The logic state of the input line 374 is inverted by an 

data bit PDB2 from the multiplexer 328a. Thus the 50 inverter 378 whose output is connected to the gates of 
logic state of the output line 368c is the complement of transistor switches 300a-d of the flopper 324a. The 
the logic state of the input line 3526 (or PDB2) from the output lines 360a-p of the shifter 320a are the input lines 
output of the multiplexer unit 328a2. The pixel data bit of the flopper 32^. The flopper 324a also comprises a 
PDBO output of the shifter corresponds to output lines programmed logic array having output lines 382a-6 
368c-(/ and the particular value of PDBO depends upon 55 coupled to the input lines 368a-/? by a plurality of pull- 
which of the lines 368a-(f are selected by the input lines down transistors 384. 

358 and 362. Here, output line 368c was selected, there- The output lines 382a and 6 are connected by the 
fore the pixel data bit PDBO output of the shifter is switches 376a and 380a, respectively, to a buffer 385 

defined by the PDB2 output of the multiplexer (but having an output line which is the flopper PDBO output 
complemented). Since PDBO is the low bit of the two 60 line 377a. (A typical buffer 385 logic circuit is shown in 
bits representing the first pixel of a byte of pixel data FIG. 22).Lines 382c and d are connected by switches 

and PDB2 is the low bit of the two bits representing the 3766 anti 3806, respectively, to a buffer 385 having the 

second pixel, it is seen that the pixel data values output- flopper PDB2 output line 3776, with the lines 382e and 
ted by the multiplexer have shifted one pixel position, /connected by switches 376c and 380c, respectively, to 
Output lines 368c-6 of the shifter correspond to 65 a buffer 385 having the flopper PDB4 output line 377c, 
PDB2 with output lines 368/'-/ and 368/0-/? correspond- and the output lines 302g and h connected by switches 

ing to PDB4 and PDB6 respectively. The output line 316d and 380(/, respectively, to a buffer 385 having the 

368g is coupled by a pull-down transistor 3506 to the flopper PDB6 output line 311d. The input line 368c 
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(containing the complemented output pixel data bit 
PDBO of the shifter when set for a shift of 1 pixel posi¬ 
tion) is coupled to the output line 382i by a pull-down 
transistor 384a and to the output line 382g by a pull¬ 
down transistor 384f> wherein the logic state of the 5 
complemented shifter output bit PDBO is recomple¬ 
mented and carried uncomplemented on the flopper 
output lines 382i and 382g. A logical 1 state on the input 
line 374 turns on the transistor switch yi6d whereby the 
shifter output bit PDBO is conducted to the flopper 10 
PDB6 output line 377c/. Thus, the PDBO output of the 
shifter 320a is flopped to the flopper 324a output bit 
PDB6 when the input line 374 is a logical 1. On the 
other hand, if the logic state of line 374 is 0 , the output 
of the inverter 378 is a logical 1 which turns on the 15 
transistor switch 380o which conducts the shifter PDBO 
bit to the flopper PDBO line 377a and is not flopped. 
Thus when the logic state of the input line 374 is 0 , the 
output of the shifter is not flopped. The other inputs of 
the flopper 324a for the bits PDB2, PDB4 and PDB6 20 
are handled in a similar manner. 

As an example, if the byte of pixel data being written 
to the display RAM represents pixel values P7, P6, P5 
and P4 as for the byte of original data of FIG. 6 and the 
shifter is set for zero shifts so that the shifter does not 25 
shift the data, then the PDB6, PDB4, PDB2 and PDBO 
output bits of the shifter 320a are the low bits of the bits 
representing pixel values P7, P6, P5 and P4, respec¬ 
tively, (but complemented). When bit 6 of the function 
generator register is a logical 0, the logic states of the 30 
pixel data bits will be recomplemented and flopped so 
that the PDB6, PDB4, PDB2 and PDBO output bits of 
the flopper 324a (together with the PDB7, PDB5, 
PDB3 and PDBl output bits of the flopper 3246) repre¬ 
sent the pixel data values P4, P5, P6 and P7 after the 35 
flop operation as shown in FIG. 6. 

The rotation function is performed on the tow pixel 
data bits by a rotator indicated generally at 322a and 
comprises a programmed logic array 386 having 4 input 
lines connected to the register 354 PDBO, PDB2, PDB4 40 
and PDB6 output lines 356a-d’ and 12 input lines con¬ 
nected to the 12 outputs of four 3-bit shift registers 
388-391. The input of the first bit 388a of the shift regis¬ 
ter 388 is connected to the PDBO input line 356a with 
the inputs of the first bits 389a-391a of register 389-391 45 
connected to the PDB2, PDB4 and PDB6 lines 3566-d, 
respectively. (A typical bit circuit 388a of the bits of the 
shift registers 388-391 is shown in greater detail in FIG. 

23). 

The rotator is used to rotate a four by four pixel 50 
image 90 ° in a clockwise direction. The four-by-four 
pixel image represented in FIG. 7A is shown with the 
individual pixel data bits PDB0-PDB7 of each of the 
four data bytes labeled. The rotator is initialized by an 
output to the function generator register and will reini- 55 
tialize itself after every 8 writes to the display RAM. To 
perform a rotation, the following procedure is per¬ 
formed. The top byte or byte 0 of the unrotated image 
is written to a location in the display RAM. The next 
byte, byte 1 is written to the first location plus 40, byte 60 
2 to the first location plus 80, and the last byte, byte 3 to 
the first location plus 120. These four locations corre¬ 
spond to 16 contiguous pixels since 40 bytes represent 
one line of pixels on the display screen. The process is 
then repeated with byte 0 rewritten to the first location, 65 
byte 1 to the first location plus 40 , byte 2 to the first 
location plus 80 and byte 3 to the first location plus 120 . 
After these 8 writes, the data will appear in the display 
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RAM and (subsequently) the image on the screen ro¬ 
tated 90° from the original as shown in FIG. 7B. 

The low 4-bit rotator 322a further comprises a 3-bit 
counter 394 for counting the 8 writes completed in a 
rotate sequence. (The logic circuitry of the bits 0-3 is 
shown in greater detail in FIG. 24 with bit 3 excluding 
that portion shown in phantom.) The counter 394 has a 
“clear” input, 2, connected to the function generator 
register select line 218 so that the counter is initialized 
to 0 with each output to the function generator register 
274. A NOR gate 400 having a “DATEN” control 
signal input and an address bit A14 input is connected 
by series connected inverters 396 and 398 to the toggle 
input of the counter 394. The DATEN control signal is 
generated by a memory control circuit (FIG. IIF) of 
the data chip and is activated during memory write 
cycles. The N OR g ate 400 has the input connected to 
the address bit A14 so that the counter is toggled only 
during memory write cycles in which the data written is 
to be modified by the function generator. 

The output of the third bit (bit 2) of the counter 394 
is connected to the input of a NOR gate 402 which also 
has an input connected to the output of t he invert er 396. 
The output signal of the NOR gate 402, SHIFT is con¬ 
nected to the shift inputs of the shift registers 388-391 
and clock inputs of register 354 (as well as flip-flop 280 
of the expander). During the first four memory writes of 
a rotate sequence, the third bit of the counter 394 is 0 
(since the counter counts from 000 to 011) therefore, the 
NOR ga te 402 performs as an inverter wherein the 
DATEN signal from the inverter 396 generates a shift 
signal at the output of the NOR gate 402 with each of 
the first four writes to the display RAM of a rotate 
sequence. With the next or fifth write, however, the 
third bit of the counter 394 goes to a logical 1 which 
drives the output of the inverter 402 low for the last 
four memory writes of a rotate sequence. The SHIFT 
clock signal is activated with each write to the display 
RAM (except for the last four writes of a rotate opera¬ 
tion) whether or not the rotate function is utili zed in a 
write of data to the display RAM. Thus the SHIFT 
signal is also used to clock the Expand flip-flop 280 so 
that the flip-flop 280 toggles with each write opertion to 
the display RAM. 

Each low bit of the first three bytes of a rotate se¬ 
quence are shifted into the shift registers 388-391 of the 
low bit rotator 322a. Shift register 388 stores the pixel 
data bit PDBO of pixels PO, P4 and P8 of the first three 
bytes, respectively, of the rotate sequence of FIG. 7A. 
Similarly, shift register 389 contains the low pixel data 
bit PDB2 of pixels PI, P5 and P9 after the first four 
memory writes of the rotate operation. The particular 
pixel data bits for each of the registers 388-391 are 
shown in FIG. 40. 

The programmed logic array 386 of the rotator 322a 
further has inputs 404a-404c connected to the outputs 
of bits 388a-388c, respectively, of the shift register 388. 
The output of bits 389a-c of the shift register 389 are 
connected to the input lines 406a-c with the output of 
bits 390a-c and 391a-c of the shift registers 390 and 391 
connected to the input lines 408a-c and 410a-c, respec¬ 
tively. The input lines 356a-d from the register 354 are 
coupled to output lines 412a-r/, respectively, by four 
pull-down transistors 414. The output lines 412a-fi/ are 
connected by four transistor switches 416o-fi/ to the 
voltage source VDD by a pull-up transistor 418 and 
also to a common output line 420 which carries the pixel 
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data bit PDB6 output of the rotator in complemented 
form. 

The input lines 404a, 406a, 408a and 410a (from the 
LSB of the shift registers 388-391) are coupled to out¬ 
put lines 422a-cl, respectively, by four pull-down tran- 5 
sistors 424. The output lines A22a-d are connected by 
four transistors switches 426a-<f, respectively, to a com¬ 
mon output line 428 and to voltage source VDD by a 
pull-up transistor 430. The output line 428 carries the 
pixel data bit PDB4 output of the rotator in comple- 10 
mented form. The input lines 4046, 4066, 4086 and 4106 
and input lines 404c, 406c, 408c and 410c are coupled to 
output lines 432a-fil and output lines 434a-tf, respec¬ 
tively, by pull-down transistors 436 and 438 respec¬ 
tively. 15 

The output lines 432a-rf are connected by four tran¬ 
sistor switches 440a-rf to a common output line 422 (for 
pixel data output bit PDB2) and to the voltage VDD by 
a pull-up transistor 444. The output lines 434a-fif are 
connected by four transistor switches 446a-af to a com- 20 
mon output line 448 (for pixel data output bit PDBO) 
and to voltage source VDD by a pull-up transistor 450. 

The rotator 322a has a second programmed logic 
array 452 having four output lines 454-457 which con¬ 
trols the transistor switches 416, 426, 440 and 446. The 25 
output line 457 is connected to the gates of the transistor 
switches 416a, 426a, 440a and 446a with the output line 
456 connected to the gates of the transistor switches 
4166, 4266, 4406 and 4466, etc. 

The program logic array 452 has an input line 460 30 
connected to the output ^ of the third bit of the counter 
394. The input line 460 is coupled to each of the output 
lines 454-457 by four pull-down transistors 462. Thus, 
when the third bit of the counter 394 is a logical 0 (i.e., 
during the first four writes to the display RAM of the 35 
rotate sequence) the output^ of the third bit is a logical 
1 which pulls down the four output lines 454-457 of the 
PLA 452 which turns off the transistor switches 416a-</, 
422a-</, etc. These switches are turned off since during 
the first four writes, the four shift registers 388-391 are 40 
being loaded with the proper pixel data bits of the first 
four writes. The PLA 452 has an input line 463 con¬ 
nected by an inverter 464 to the output of the NOR gate 
344c of the latch 344. The input line 463 is coupled to 
the output lines 454-457 by four pull-down transistors 45 
466, respectively. If bit 3 of the function generator reg¬ 
ister 274 is a logical 1, the logic state at the input line 463 
will also be a logical 1 which pulls down the output 
lines 454-457 to a logical 0 turning off the transistor 
switches 416a-<f, A26a-d, etc. of the programmed logic 50 
array 386. The rotate function may be bypassed in this 
manner. 

The PLA 452 has inputs 468 and 470 connected to the 
Q outputs first and second bits, respectively, of the 
three-bit counter 394. The input line 4^ is connected to 55 
a second input line 469 by an inverter 472. The input 
line 470 is connected to still another input line 471 by an 
inverter 474. The input lines 468-471 are coupled to the 
output lines 454-457 by a plurality of pull-down transis¬ 
tors 476 such that as the counter 394 counts from 4 (100 60 
Binary or B) to 7 (111 B) the output lines 454-457 are 
successively activated. Thus, when bits 1 and 2 of 
counter 394 are both 0, the output line 454 is enabled 
and with bits 1 and 0 equal to 01, respectively, output 
line 455 is enabled, etc. 65 

As noted before, during the first writes of the rotate 
sequence, the shift registers 388-391 are loaded with 
their respective bits of the first three bytes of the rotate 
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sequence of data with the last byte being stored in regis¬ 
ter 384. This corresponds to counts 0-3 of the counter 
394. For counts 4-7 data is no longer shifted into the 
registers while the CPU re-transmits the four pixel data 
bytes of the sequence to be rotated. At count (100 B) in 
which byte 0 is transmitted, the output line 454 is en¬ 
abled which turns on the transistor switches \\6d, \26d, 
440f/ and 446tf. 

Since output line A12d is coupled to input line 456fif 
from register 384, pixel data bit PDB6 of the previous 
(and last) data byte of the sequence (i.e., byte 3), appears 
on the output line 420 (PDB6) of the rotator in comple¬ 
mented form. The pixel data bit PDB6 of byte 3 of the 
sequence is the lower bit of the pixel value represented 
by P15. The lower pixel data bit representing the pixel 
data value Pll stored in the 391a bit of the shift register 
391 connected by the input line 410a is complemented 
by a pull-down transistor 424 and conducted by the 
transistor switch A26d to the PDB4 output line 428 of 
the rotator 322a. In a similar manner, the low pixel data 
bits representing pixel data values P7 and P3 stored in 
the shift register 391 appear on the rotator 322a pixel 
data outputs PDB2 and PDBO, respectively, since the 
transistor switches ^AOd and 446c( respectively, are 
turned on. Thus, although the CPU transmits byte 0 at 
count 100 B, the byte representing pixel data values 
P15, Pll, P7 and P3 is actually written to the display 
RAM at the first location as shown in FIG. 7B. 

On the next write to the display RAM, the count of 
the counter 394 changes to 101 B wherein the PLA 452 
in turn causes the transistor switches 4166, 4266, 4406 
and 4466 to turn on. The low pixel data bit representing 
pixel data value P14 carried by input line 356c from the 
register 354 appears in complemented form on the rota¬ 
tor 322a output PDB6 line 420. Also, the low pixel data 
bits representing pixel data values PIO, P6 and P2 stored 
in the register 390 appear in complemented form on the 
rotator 322a PDB4, PDB2 and PDBO output lines 428, 
442 and 448, respectively, and are stored in the first 
memory location plus 40, as indicated in FIG. 7B. After 
the last two writes, the low pixel data bits (as well as the 
high pixel data bits from the rotator 222d) representing 
the pixel data values will appear in the display RAM as 
shown in FIG. 7B. The Hopper 324a recomplements the 
pixel data bits from the rotator 322a so that the pixel 
data bits are stored in uncomplemented form in the 
display RAM. 

Thus, the pixel data that will be written to the display 
RAM is transmitted by the CPU in the first four 
“writes” to the display RAM of the four bytes of the 
rotate sequence and is latched up in the registers 
388-391 and 354. The rotate sequence is then re-trans¬ 
mitted (but any data could actually be sent) to the same 
four addresses of the display RAM with the pixel data 
latched up in the registers 354 and 388-391 actually 
being written to those four display RAM addresses 
represented in FIG. 7B. The rotator, shifter and Hopper 
circuits for the high pixel data bits (PDB7, PDB5, 
PDB3 and PDBl) are indicated generally at 3226, 3206 
and 3246, respectively, in FIG. 13. The modifications to 
the high pixel data bits PDB7, PDB5, PDB3 and PDBl 
are performed by the rotator 3226, the shifter 3206 and 
the Hopper 3246 simultaneously with the modifications 
performed on the low pixel data bits. Each pixel data 
value, represented by a high and a low pixel data bit, 
can be shifted. Hopped, or rotated as shown in FIGS. 6 
and la and 6. 
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The OR and exclusive-OR functions are performed 
by an OR/exclusive-OR circuit 480 shown in FIG. IIC 
to have a four bit input line 482a connected to the out¬ 
put of the low pixel data bit Hopper 324a and a four bit 
input line 482i connected to the output of the high pixel 5 
data bit Hopper 324^1. The OR/exclusive-OR circuit 480 
has two further inputs connected by a two-bit input line 
484 to the latch 334 which latches the complement of 
bits 4 and 5 of the function generator register 274 when 
the address bit A14 is low. These bits determine 10 
whether or not the OR or exclusive-OR functions, re¬ 
spectively, are performed. 

These functions can be thought of as operating on a 
byte of pixel data as 8 bits rather than as 4 pixels. When 
the OR function is used in writing data to the display 15 
RAM, the input to the OR/exclusive-OR circuit is 
ORed with the contents of the display RAM location 
being accessed by the addressed chip. Accordingly, the 
OR/exclusive-OR circuit 480 has 8 inputs connected by 
an 8-bit input line 486 to a tri-state buffer 488 which is 20 
connected to an 8-bit memory data bus 490 from the 
display RAM which carries the memory data bits MDO- 
MD7. 

Pixel data that was stored in the display RAM which 
is to be used in an OR or exclusive-OR operation, is 25 
latched up in the OR/exclusive-OR circuit 480. The 
OR/exclusive-OR circuit 480 has an 8-bit output line 
492 connected to the tri-state buffer 488 on which the 
resultant pixel data is carried to be stored at the display 
RAM location from which the pixel data was accessed. 30 

The OR/exclusive-OR circuit 480 is shown in greater 
detail in FIG. 13 and comprises 8 units 480a-/i. Each 
OR/exclusive-OR unit can perform an OR or exclusive- 
OR (as determined by bits 4 and 5 of the function gener¬ 
ator register 274) on a pixel data bit from the Hopper 35 
and from the display RAM and can store the resultant 
pixel data bit in the display RAM. 

A typical unit 480a is shown in greater detail in FIG. 

25. The unit 480a has an input connected to the output 
line 377a (which is one of the input lines 482a in FIG. 40 
IIC) which carries the pixel data bit PDBO output of 
the Hopper 324a and an input 486a which carries the 
pixel data bit PDBO from the display RAM. The unit 
has an input 484a connected to the output of the NOR 
gate 344e of the latch 334 associated with bit 4 of the 45 
function generator register 274. Bit 4 determines 
whether or not the OR function is performed. The input 
line 484a is also connected to an inverter (not shown) 
having an output connected to an input 494. The unit 
has an input 4846 connected to the output of the NOR 50 
gate 344/ associated with bit 5 of the expand register 
which controls whether or not the exclusive-OR func¬ 
tion is performed. The input line 3846 is also connected 
to an input line 496 by an inverter 498. 

The input line 377a (the PDBO bit from the Hopper) is 55 
connected by an inverter 500 which is connected to a 
line 502. The input line 486a (for the PDBO bit from the 
display RAM) is connected to a latch indicated gener¬ 
ally at 504 which latches up the pixel data bit from the 
display RAM until the pixel data bit from the Hopper 60 
arrives for the OR or exclusive-OR function. The latch 
504 has an output line 506 which is connected to a line 
508 by an inverter 510. 

The unit 480a further comprises a programmed logic 
array indicated generally at M2 which performs either 65 
the OR function or exclusive-OR function (or neither) 
as determined by bits 4 and 5 of the function generator 
register. The PLA 512 has output lines 514o-e selec- 
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lively coupled by a plurality of pull-down transistors 
516 to the lines 500, 502, 508, 377a, 494a, 494, 4846, and 
496. The lines 514a-e are connected to a NOR gate 516 
having an output connected to an inverter 518 which 
has an output 492a (of lines 492 FIG. IIC). 

To illustrate the operation of the unit 480a, it will be 
assumed that bits 4 and 5 of the function generator 
register have the values 0 and 1, respectively, which 
indicates an OR function is to be performed. When bit 4 
is a logical 0, line 484a is a logical 1 which pulls-down 
the lines 514a, 5146 and 514<f to a logical 0. The PDBO 
bit from the Hopper carried on the line 377o is inverted 
by the inverter 500 and recomplemented by the pull¬ 
down transistor 516a so that line 514c carries the PDBO 
bit from the Hopper in the uncomplemented form. The 
PDBO bit from the display RAM is complemented by 
the inverter 510 and recomplemented by the pull-down 
transistor 5166 so that the line 514c carries the PDBO bit 
from the display RAM in the uncomplemented form. 
Thus, if either the line 514c or line 514c is a logical 1, the 
output of the NOR gate 516 will be a logical 0 which is 
inverted by the inverter 518 to a logical 1 on line 492a. 
However, if both the lines 514c and c are logical 0, the 
output of the NOR gate 516 is a logical 1 and the output 
of the inverter 518 is a logical 0. Thus, the logical OR 
function is performed on the PDBO bits from the display 
RAM and from the CPU transmitted through the Hop¬ 
per. 

To perform an exclusive-OR function, bits 4 and 5 of 
the function generator register are set to 1 and 0, respec¬ 
tively. The input line 494 then is a logical 1 which pulls 
the lines 514c and 514c to a logical 0. Also, the line 4846 
is a logical 1 which pulls the line 514<f in addition to a 
logical 0. The line 377a which carries the PDBO bit 
from the CPU (transmitted through the Hopper 324a) is 
coupled to the line 5146 by a pull-down transistor 516e. 
The line 508 which carries the complemented PDBO bit 
from the display RAM is coupled to the line 5146 by a 
pull-down transistor 516d. Thus, if the PDBO bit from 
the CPU is a logical 0 and the complemented PDBO bit 
from the display RAM is a logical 0 (i.e., the PDBO bit 
from the display RAM is a logical 1) the logic state of 
the line 5146 will be a logical 1 resulting in the output of 
the NOR gate 516 being a logical 0 and the output line 
492a of the OR/exclusive-OR unit 480a being a logical 
1. Otherwise, the logic state of the 5146 line is a logical 
0 and the logic state of the output line 492a depends 
upon the logic state of the line 514a. 

The line 502 which carries the complemented PDBO 
bit from the CPU is coupled to the line 514a by a pull¬ 
down transistor 516e. The line 506 which carries the 
PDBO bit from the display RAM is coupled to the line 
514a by a pull-down transistor 516/ Thus, if the com¬ 
plemented PDBO bit from the CPU is a logical 0 (i.e., 
the PDBO bit from the CPU is a logical 1) and the PDBO 
bit from the display RAM is a logical 0, the logic state 
of the line 514a will be a logical 1 causing the output of 
the NOR gate 516 to be a logical 0 and the output of the 
OR/exclusive-OR unit 480a at the output line 492a to 
be a logical 1. 

If both the PDBO bit from the display RAM and from 
the CPU are both 0 or alternatively are both 1, the logic 
state of both lines 514a and 6 will be a logical 0 causing 
the output of the NOR gate 516 to be a logical 1 and the 
output line 492a of the OR/exclusive-OR unit 480o to 
be a logical 0. Thus, the exclusive-OR function may be 
performed on the PDBO bits from the display RAM and 
the CPU. 
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In a similar manner, a logical OR or exclusive-OR 
function can be performed on the PDB1-PDB7 bits 
from the CPU and the display RAM by the units 480i-/! 
shown in FIG. 13. The output line 492 of each OR/ex- 
clusive-OR unit 480a-A is connected to the tri-state 
buffer indicated generally at 488 which is in turn con¬ 
nected to the memory data bus 490. The tri-state buffer 
488 has 8 units 488a-A. 

A typical tri-state buffer unit 488fl is shown in greater 


If the pixel transmitted from the CPU via the flopper 
524c and b and represented by pixel data bits PDBO and 
PDBl is a non-zero pixel, that is, the logic state of the 
lines 538 or 540 is a logical 1, then the output of the 
NOR gate 536 is a logical 0. Similarly, if the pixel from 
the display memory latched up in the OR/exclusive-OR 
unit is a non-zero pixel, the output of the NOR gate 542 
is a logical 0. If the output of both NOR gates 536 and 
542 is a logical 0 (i.e., an intercept has occurred in the 


detail in FIG. 26. The unit 488c has an input/output line OR or excLusive-OR operation) the output of the NOR 


522 connected to the MDO bit of the memory data bus 
490. The tri-state buffer unit 488c also has an output line 
524, and an input line 5 26 connec ted to the DATEN 
control signal. When the DATEN control signal is low, 
the logic state of the output line 522 is the same as the 
data bit carried on the input line 492c from the OR/ex- 
clusive-OR unit 480c. In this manner, the pixel data 
outputted from the OR/exclusive-OR unit may be 
transmitted to the display RAM at an address supplied 
through the address chip. 

The CPU may read an intercept register 528 (FIG. 
IIC) having address 8 H to determine if an intercept 
occurred during a write to the display RAM in which 
the OR or exclusive-OR function is utilized. An “inter¬ 


gate 538 is a logical 1 at the line 550. The other intercept 
register units 52%b-d operate in a similar manner to 
indicate whether an intercept has occurred in the other 
3 pixel positions. 

15 The intercept register units S2^e-h give the intercept 
information for all OR and exclusive-OR writes since 
the last read or input from the intercept register 528 by 
the CPU. An input from the intercept register resets the 
outputs of these units. Thus, each of the 4 intercept 
20 register units S2Se-h is set to 1 if an intercept occurs in 
the corresponding pixel position and will not be reset 
until the next intercept register input. 

The unit 528e, typical of the units S2Se-h, is shown in 
FIG. 28 to have an input 558 which is connected to the 


cept” is defined as the writing of a non-zero pixel data T'he in^put 558 is connected 

value at a location in the display RAM that previously 

contained a non-zero pixel data value. The intercept for a dock signal. The output the AND 

register 528 has an input connected to the 4-bit output connected to t^he input S of an SR flip-flop 

line 4826 of the flopper 3246 and an input connected to generally at 564 and having an output line 566 

the 4 bit output line 482a of the flopper 324a by which 

the pixel data bits from the CPU ma%e inputted. The 564 has a reset input R line 568 connected to 

intercept register 528 also has an 8 -bit input line 530 " xr • - ^ r- , • i 

r\D / I ■ L If an intercept occurs in the first pixel position, the 

connected to the OR/exclusive-OR circuit 480 bv an . i- eeo n i • i , * . ■ • 

. . '-‘■v-uii Tov uy «u j 55 g assume a ogica 1 state since it is 
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hv ujr fuff.!" fir'! connected to the output of the intercept register unit 


connected by an 8 -bit output line 532 to the input of a 
2-to-l multiplexer 534. 

The intercept register 528, shown in greater detail in 
FIG. 13, comprises 8 units 528a-6. A 1 in a particular 


528a. When the clock signal on line 562 is a logical 1 the 
flip-flop 564 will be set. The flip-flop will remain set 
even though subsequent OR or exclusive-OR opera¬ 
tions do not result in an intercept in the first pixel posi- 


intercept register unit means that an intercept has oc- 40 ,io„. The unit 528e will remain set until the flip-flop is 


curred. Since a pixel is represented by 2 bits of data, a 
byte of pixel data represents 4 pixels and thus has 4 pixel 
positions. Intercept register units S28a-d indicate 
whether an intercept has occurred in any of the 4 pixel 
positions in the last write to the display RAM in which 45 
the OR or exclusive-OR functions were utilized. The 
unit 528a indicates whether an intercept has occurred in 
the first pixel position with the unit 5286 indicating 
whether an intercept has occurred in a second pixel 
position, etc. 5 ^ 

The unit 528a, typical of the units 528a-d, is shown in 
greater detail in FIG. 27. The unit 528a comprises a 
NOR gate 536 having an input 538 (connected to one of 
the lines 482a, FIG. IIC) for the PDBO pixel data bit 


reset when the data is input from the intercept register 
528. The intercept register select line 222 is connected 
to a delay indicated at 569 (FIG. 13) whose output is 
connected to the reset input ‘2’ of each unit 528e-6. 

45 Referring back to FIG. IIC, the output of the inter¬ 
cept register 528 is connected by the 8 -bit output line 
532 to the multiplexer 534. The 8 -bit line 532 comprises 
the output lines 556 from the intercept register units 
528a-d and the output lines 566 from the intercept regis- 

50 ter units 528e-h (FIG. 13). The multiplexer 534 has a 
select input connected to the select line 222 from the 
address decoder 214 (FIG. IIB) so that when the line 
222 is enabled (corresponding to address 8 H) the input 
lines from the intercept register 528 are selected. The 


and an input 540 (connected to one of the lines 4826, 55 multiplexer further has inputs connected to outputs of 
FIG. IIC) for the PDBl pixel data bit from the CPU. the OR/exclusive-OR circuit 480 by an 8 bit line 570. 

PDBO and PDBl represent a pixel that is being ORed or The OR/exclusive-OR circuit latches up data as it is 

exclusive-ORed with pixel data contained in the display read from the display RAM which may be data other 
RAM. The unit 528a further comprises a NOR gate 542 than pixel data for OR or exclusive-OR operations such 

having an input 530a for the PDBO bit from the display 60 as instructions to be executed from the display RAM 
RAM latched up in the unit 480a of the OR/exclusive- which are to be transmitted to the CPU. 

OR circuit 480 and an input 5306 for the PDBl pixel The output of the multiplexer 534 is connected to the 

data bit from the display RAM latched in the unit 4806 tri-state buffer 273. [As seen in FIG. 25, the line 570a of 

of the OR/exclusive-OR circuit. the input line 570 (FIG. IIC) is connected to the line 

The output of the NOR gate 536 and the NOR gate 65 506 of each unit of the OR/exclusive-OR unit by the 
542 are connected to NOR gate 548 having an output inverter 510]. 

line 550. Line 550 is connected by a transistor switch The multiplexer 534 is shown to comprise 8 units 

552 to an inverter 554 having an output line 556. 534a-6 in FIG. 13. Each unit selects either a bit of data 
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from the intercept register 528 or a bit of data from the 
display RAM latched up in the OR/exclusive-OR cir¬ 
cuit 480 depending upon the logic state of input select 
signals. 

A typical multiplexer unit 534a is shown in FIG. 29 to 5 
comprise an AND gate 572 having an input 532a (one of 
the 8 bit input lines indicated as 532 in FIG. IIC) con¬ 
nected to the complemented output of the intercept 
register unit 528a at line 556 (FIG. 27) and a select input 
576 connected to the intercept registers select line 222. 10 
An AND gate 578 has an input 570a (which is one of the 
input lines indicated as 570 in FIG. IIC) connecting the 
complemented latch output of exclusive-OR unit 480/; 
and a select input 582. The outputs of the AND gate 572 
and 578 are connected to a NOR gate 584 having an 15 
output line 588a which is the output line of the unit 534a 
(and is one of the 8 lines indicated at 588 in FIG. IIC 
connecting the multiplexer 534 to the tri-state buffer 
273). 

If the select signal line 582 is a logical 0, then the 20 
output of the AND gate 578 is a logical 0. And, if the 
intercept register select line 222 is a logical 1, then the 
input line 576 is also a logical 1 and the output of the 
AND gate 572 will be the same as the logic state of the 
input line 532a carrying the complemented data bit 25 
from the intercept register. The NOR gate 584 will then 
recomplement the data. Since the data from the inter¬ 
cept register is in complemented form, the data appear¬ 
ing on the output line 588 will be uncomplemented. 
Conversely, if the intercept register select line 221 is a 30 
logical 0 and the select input 582 is a logical 1, then the 
complemented data from the display RAM latched up 
in the OR/exclusive-OR circuit 480 will appear in un¬ 
complemented form on the output line 588. The data on 
the output line 588 will be transmitted to the CPU via 35 
the microcycle data bus 66 . 

The select line 582 is shown in FIG. 13 to be con¬ 
nected to a line 583 which carries the select signal 
MENBl which generated by the logic elements indi¬ 
cated generally at 585. The inputs to the elements 585 40 
include the CPU control signal Ml. 

The Z-80 CPU requires instruction data to arrive in 
an Ml cycle (instruction fetch) at a different time than 
data during non-Ml cycles. The data latched up in the 
OR/exclusive-OR circuit may be instructions that were 45 
stored in a scratchpad portion of the display RAM. The 
elements 585 which generate MENBl which loads the 
instruction onto the microcycle data bus 66 (via the 
output lines 588 and tri-state buffer 273), insert a delay 
so that the instructions arrive at the CPU at the proper 50 
time. _ 

It should be noted that non-Ml cycle data from the 
RAM may be transferred directly from the memory 
data bus 490 to the microcycl e da t a bu s 66 via tri-state 
buffer 273 on the clock signal ZIP. ZI P is a functio n (as 55 
is MENBl) of the CPU control signals MREQ, RD and 
some address bits (so that it can be determined that 
RAM is being accessed) and is generated by the logic 
elements indicated generally at 589 and 591 which in¬ 
clude a latch 593 (FIG. 13 with each bit of the latch 6C 
logically similar to that shown in FIG. 15) for the ad¬ 
dress bits. 

Briefly summarizing the operation of the function 
generator of the data chip, the CPU can update the pixel 
data stored in the display RAM by transferring pixel 65 
data from the ROMs to the display RAM at addresses 
sent to the display RAM via the address chip. However, 
numerous modifications to this pixel data can be per- 
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formed by the function generator before the pixel data 
is stored in the display RAM. Thus, depending upon the 
data sent to the function generator registor 274, the 
pixel data may be expanded, shifted or rotated, flopped, 
and exclusive-ORed or ORed with the data already 
stored in the memory location being addressed. 

Referring back briefly to FIG. 2, the display RAM 42 
has stored therewithin, pixel data representative of the 
pixels of a picture displayed on the screen of the TV 28. 
Each pixel is represented by two bits of data which 
select a color register which defines the color and inten¬ 
sity of the associated pixel. An additinal function of the 
video processor 52 is to sequentially read the pixel data 
stored in the display RAM 42, decode the pixel data 
into color and intensity data signals, convert these sig¬ 
nals to analog signals, and supply the signals to the RF 
modulator 58 which converts the signals to a form suit¬ 
able for the TV set 28. The address chip 56 sequentially 
reads the pixel data from the display RAM 42 synchro¬ 
nously with the raster scan of the TV 28 which will be 
more fully described later. 

Each byte of pixel data read is conducted on the 
memory data bus 490 (FIG. IIC) to the tri-state buffer 
488. The 8 -bit output line 486 of the buffer 488 is con¬ 
nected to an 8 -bit line 590 which divides into two 4-bit 
lines 592a and 592ii. The line 592a is connected to a 4-bit 
shift register 594 with the line 592Z> connected to a 4-bit 
shift register 595. The shift register 594 stores the low 
pixel data bits PDBO, PDB2, PDB4 and PDB 6 and shift 
register 595 stores the high pixel data bits PDBl, PDB3, 
PDB5 and PDB7, of the 4 pixels represented by a byte 
of pixel data read from the display RAM. The output of 
the shift registers 594 and 595 are connected by lines 
596a and S96b, respectively, to the inputs of a multi¬ 
plexer 598. 

The multiplexer 598 has inputs “SERIAL 1” and 
“SERIAL 0” and two inputs from a background color 
register 600. The multiplexer 598 has 2 select inputs 602 
and 604 to output 2 pixel data bits from either the shift 
registers 594 and 595 or the SERIAL 0 and SERIAL 1 
inputs, or the background color register 600. The multi¬ 
plexer 598 will operate to select pixel data bits from the 
background color register 600 when the pixels to be 
displayed on the display screen are located in the back¬ 
ground area indicated at 608 (FIG. 5) of the display 
screen. The multiplexer 598 will select the pixel data 
bits from the shift register 594 and 595 (low resolution 
mode) when the pixels being displayed are located in 
the area indicated at 610 of the display screen (FIG. 5). 
Pixel data bits SERIAL 1 and SERIAL 0 will be se¬ 
lected for the area 610 when the video processor is 
operated in the high resolution mode. 

The inter-connection of the shift registers 594 and 595 
within the data chip is shown in FIG. 13. Each bit of the 
shift registers 594a-£f and 595a-£/ has an input P con¬ 
nected to the tri-stale buffer 488 by a buffer indicated at 
611. (The buffers 611 are logically similar to that shown 
in FIG. 18). Also each bit has clock inputs C and C, a 
load input L, and an input D from the previous register 
bit (except bits 594c and 595o which have their D input 
grounded) and an output Q to the succeeding register 
bit. The shift register 594 latches up the low pixel data 
bits of the 4 pixels represented by a byte of pixel data 
read from the display RAM and the shift register 594(7 
latches up the high pixel data bits. Thus, register bits 
594a-j/ latch up pixel data bits PDBO, PDB2, PDB4 and 
PDB 6 
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The output of the register bit 594rf is connected by vertical position counter 626 and a horizontal position 

the line 596a to the multiplexer 598. The data stored in counter 628 shown in FIG. IIB. The vertical position 

the shirt register 594 is shifted one bit position upon the counter 626 counts the number of lines of pixels as they 

activation of the clock signals such that pixel data bit are displayed in a raster scan. A “HORIZONTAL 

PDBO is shifted to the register bit 594& pixel data bit 5 DRIVE” signal occurs with each line of pixels dis- 

PDB2 is shifted to the register bit 594c. pixel data bit played. A “VERTICAL DRIVE” signal occurs once 

PDB4 is shifted to the register bit S94d and PDB6 is every field. Both the HORIZONTAL DRIVE and 

shifted to the multiplexer 598. The high pixel data bits VERTICAL DRIVE signals are generated in another 

are loaded and shifted in the shift register 595 at the portion of the data chip circuitry to be discussed later, 

same time as the low pixel data bits in a similar manner. 10 The vertical position counter 626 has inputs for the 
(A typical shift register bit is shown in greater detail in HORIZONTAL DRIVE and VERTICAL DRIVE 

FIG. 30). ^ signals and counts each HORIZONTAL DRIVE sig- 

The clock signals for the clo ck inputs C and C of the nal (corresponding to a line of pixels displayed) and 

shift registers are PXCLK and PXCLK which are the resets with each VERTICAL DRIVE signal. There is 

outputs of the buffer shown at 621 in FIG. 13. The input 15 further provided a vertical “blank” register 630 having 
signal of the buffer 621 is a clock signal PX which is an 8-bit input line 632 connected to the data bus 66a. 

generated by the clock generator in FIG. IID. PX The vertical blank register 630 has address AH and 

occurs synchronously with the display of the pixels on contains the line number at which the background color 

the display screen. The generation of the clock signal (indicated by the background color register 600) will be 

PX will be described more fully later. 20 displayed to the bottom of the screen. Through input- 

The load signal for loading pixel data into the shift ting this vertical line number to the vertical blank regis- 

registers 594 and 595 occurs once every four PX pulses ter 630, the bottom border line 634 (FIG. 5) may be set. 

since a byte of data from the display RAM represents The vertical position counter 626 continues counting 
four pixels. The generation of the load signal will also even after the raster scan has reset to the top of the 
be more fully described later. 25 screen. Hence the pixels at the top of the screen will 

The multiplexer 598 is shown in FIG. 13 to have the continue to be defined by the background register, 

input lines 596a and b from the shift registers 594 and When the counter 626 reaches 162, it will reset which 

595, the input lines 608 and 610 for the SERIAL 0 and causes the next line of pixels to be defined by the display 

SERIAL 1 pixel data bits and the input lines 612 and RAM and defines the top border of the background 

614 from the background color register 600 selectively 30 area. 

coupled by pull-down transistors 616 to transistor The vertical blank register 630 further allows display 
switches 618. The output of the transistor switches 618 RAM that would normally be utilized to store pixel 

are selectively coupled to the output lines 620 and 622 data for the area 610 to be used for scratch pad memory, 

by the two buffers 385. (A typical buffer 385 is shown in Thus, if the vertical blank register is set to 0, the entire 

FIG. 22.) The output lines 620 and 622 carry the pixel 35 display RAM can be used for scratch pad. In the low 
data bits “Z” and “Y”, respectively, which (together resolution embodiment, the register should be set to 101 

with the left/right bit) select a color register. The gates or less in bits 1-7; in the high resolution system it should 

of the transistor switches 618 are selectively coupled to be set to 203 or less in bits 0-7. 

the outputs of a plurality of logic gates 623. The inputs The line number contained within the vertical blank 
of the logic elements 623 are selectively coupled to the 40 register 630 is compared to the current line number 
input line 604 so that when the logic state of the line 604 indicated by the vertical position counter 626 by a “les- 

is a logical 0, the pixel data bits from the background s-than-compare” 634 having inputs connected by lines 

color register are conducted to the output lines 620 and 636 to the output and complemented output of each bit 

622. The logic elements 623 are also selectively coupled of the vertical blank register 630 and also has inputs 

to the input line 602 from the low/high resolution mode 45 connected to the output and complement of the output 

flip-flop 606 (FIG. 13) such that when the logic state of of each bit of the vertical position counter 626 by the 

the line 602 is a logical 0 (and the logic state of the input lines 638. The output of the less-than-corapare 634 goes 

line 604 is a logical 1) the pixel data bits on the input to a logical 0 when the vertical position counter 626 

lines 596a and b from the shift registers are conducted to reaches the number contained within the vertical blank 

the output lines 620 and 622. Otherwise, the pixel data 50 register 630. The output of the less-than-compare is 

bits SERIAL 0 and SERIAL 1 are conducted to the connected by a line 640 to a decoder 642. The decoder 

output lines 620 and 622 when the logic state of the 642 further has inputs selectively coupled by a line 644 

input line 602 is a logical 1. to the output and complemented output of the bits of 

Referring back to FIG. IIC, the background color the horizontal position counter 628. 
register 600 is a 2 bit register having inputs connected to 55 The horizontal position counter 628 counts the pixel 
the data bus 66a by a 2-bit line 624. The 2 bits stored positions of a line as the pixels are being displayed. The 

therewithin (together with the left/right bit) identify horizontal position counter 628 has an input for the 

one of the 8 color registers which determines the color clock signal 'I* which changes synchronously with the 

and intensity of the background area indicated as area scanning of the pixel positions of the raster scan. The 

608 in FIG. 5. The background color register 600 has 60 horizontal position counter 628 has an additional input 

the address 9H which activates the register select line for the HORIZONTAL DRIVE signal and resets uti- 

220 by which these 2 bits may be changed. (The cir- lizing the HORIZONTAL DRIVE signal. The de- 

cuitry of the storage unit for each bit of the background coder 642 has set and reset lines 646 connected to the 

color registers is logically similar to that shown for the inputs of a flip-flop 648. The flip-flop 648 has an output 

latch in FIG. 15). 65 line 604 which is connected to a select input of the 

In order to determine when the multiplexer 604 multiplexer 598 (FIG. IIC). 
should select the pixel data bits from the background The decoder M2 decodes the output from the hori- 
color registers 600, the data chip further comprises a zontal position counter 628 such that the flip-flop 648 is 
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set when the horizontal position counter reaches a first 
number which defines the left margin of the back¬ 
ground area. The output of the flip-flop 648 when set, 
causes the multiplexer 598 to switch from background 
color register 600 to either the shift register 594 and 595 5 
or the SERIAL 0 to SERIAL 1 inputs. When the hori¬ 
zontal position counter 628 reaches a preset second 
number (corresponding to a second position in each line 
of pixels on the display screen and defining the right 
margin) the decoder 642 resets the flip-flop 648 causing 10 
the multiplexer 598 to switch back to the background 
color register 600 such that the pixels being displayed 
on the screen are then defined by the background color 
register 600. 

In this manner, the pixel data defining the pixels of 15 
each horizontal line may be drawn from first the back¬ 
ground color register then from the shift registers 
which shift data from the display RAM and then back 
to the background color register as shown in FIG. 5. 
When the vertical position counter 626 reaches the line 20 
number stored in the vertical blank register 636, the 
less-than-compare 634 inhibits the decoder 642 from 
setting the flip-flop 648 for the remaining lines of the 
frame. Since the flip-flop 648 is not reset, the multi¬ 
plexer 598 (FIG. IIC) will not switch from the back- 25 
ground color register so that the remaining pixels to be 
displayed will be defined by the pixel data bits stored 
within the background color register 600. Since the 
vertical position counter does not reset until after the 
top background area has been scanned, these pixels will 30 
also be defined by the background register. 

FIG. 13 details the interconnection of the vertical 
position counter 626 within the data chip and shows the 
counter 626 to comprise a 9 bit counter. (The logic 
circuitry of the least significant bit 626<j is shown in 35 
FIG. 24). Logic circuitry typical of the bits 626b-h is 
similar to that shown in FIG. 24 with the addition of the 
elements shown in phantom. Logic circuitry typical of 
the 626/ is similar to that for bits 626b-h excluding the 
NOR gate 650. 40 

The vertical blank register 630 is shown in FIG. 13 to 
comprise an 8-bit register (with the logic circuitry of 
each bit similar to that shown in FIG. 15.) The logic 
circuitry of the less-than-compare 634 is indicated gen¬ 
erally at 634 and comprises a plurality of NOR gates 652 45 
and a PLA comprising pull-down transistors 654 and 
pull-up transistors 656 selectively coupled to the verti¬ 
cal blank register 630, vertical position counter 626, and 
output line 640 connected to the decoder indicated 
generally as 642. 50 

The horizontal position counter indicated generally 
at 628 comprises an 8-bit latch 658fl-/i and a plurality of 
pull-down transistors 660 and a plurality of pull-up 
transistors 662. (The logic circuitry of the least signifi¬ 
cant bit 658a of the binary counter 628 is shown in 55 
greater detail in FIG. 31 with the logic circuitry of bit 
6586, typical of bits 6586-6, shown in greater detail in 
FIG. 32.) The horizontal position counter 628 is con¬ 
nected by 10 output lines indicated generally at 644 to 
the decoder 642 which comprises a plurality of pull- 60 
down transistors 664 and pull-up transistors 666. The 
decoder 642 has additional inputs “PX” and <1>2 clock 
signals. The set and reset output lines 646 are connected 
to the inputs of the flip-flop indicated generally at 648. 
Flip-flop 648 has an output line 604 which is connected 65 
to a select input of the multiplexer 598 (FIG. IIC). 

The ^ output of the least significant bit 658a of the 
horizontal position counter 628 is connected to the 
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output of a NOR gate 667 whose output is the load 
signal for the shift registers 594 and 595. The other input 
of the NOR gate 667 is connected to the clock signal 
<t>2. Since the counter 28 is clocked by the clock signals 
<I>1 and 4>2 which have half the frequency of PX, the 
output of bit 658o has one fourth the frequency of PX. 
Therefore, a load signal will occur for every four PX 
pulses, or for every four pixels displayed. 

The output of 6 bits of the horizontal position counter 
628 is shown in FIG. IIB to be connected by line 668 to 
the inputs of a “compare” circuit 670. The other inputs 
of the compare 670 are connected to the output of a 6 bit 
horizontal color boundary register 672 by the line 674. 
The horizontal color boundary register 672 has inputs 
connected to the data bus 66a by the line 676. The out¬ 
put of the compare 670 is connected to a flip-flop 678 by 
a line 680 with the flip-flop 678 having an output 682 
which carries the “left/right” bit. 

The horizontal color boundary register 672 defines 
the horizontal position of the imaginery vertical line 64 
on the screen 32 of FIG. 5. As noted before, for pixel 
positions associated with a byte of pixel data to the left 
of the boundary, the left/right bit of the four pixels 
associated with that byte is set to one. The left/right bit 
is set to zero for pixels to the right of the boundary line 
64. Color registers 0-3 are selected by a left/right bit 
equal to 0 and registers 4-7 are selected for the pixels to 
the left of the boundary. 

The address sent to the horizontal color boundary 
register 672 is compared with the current address of the 
byte of pixel data being displayed as indicated by the 
horizontal position counter 628. If the state of the 
counter 628 is less than the address contained within the 
register 672, the pixel locations to be displayed are to 
the left of the horizontal boundary line and the flip-flop 
678 is set such that the left/right bit is a logical 1, other¬ 
wise the pixel locations are to the right and the left/- 
right bit is reset to 0. 

The inter-connection of the horizontal color bound¬ 
ary register 672 is shown in FIG. 13 wherein the regis¬ 
ter comprises a 6-bit register having the address 9H (the 
same as the background color register). (A bit of the 
horizontal color boundary register is logically similar to 
that shown for the latch in FIG. 15.) 

The “compare” circuit connected to the horizontal 
color boundary register 672 and horizontal position 
counters 628 is indicated generally at 670 and comprises 
6 exclusive-OR units 684o-/ (with the logic circuitry of 
a typical exclusive-OR unit 684a shown in greater detail 
in FIG. 33.) The output of each exclusive-OR unit is 
coupled to an output line 686 by a plurality of pull¬ 
down transistors indicated generally at 688. The line 
686 is coupled to the voltage source VDD by a pull-up 
transistor 690 and to the left/right output line 682 by an 
inverter 692. 

As previously discussed, two pixel bits are used to 
represent each pixel on the screen. These bits, referred 
to as Y and Z, may be read from the display RAM or 
from the background color register. These two bits, 
along with the left/right bit which is set by crossing the 
horizontal color boundary, map each pixel to one of the 
8 different color registers. The value in the color regis¬ 
ter then defines the color and intensity of the pixel on 
the screen associated with the pixel data bits. The inten¬ 
sity of the pixels is defined by the 3 least significant bits 
of each color register, 000 for darkest and 111 for light¬ 
est. The colors are defined by the 5 most significant bits. 
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The color registers have addresses 0-7H; register 0 hav¬ 
ing address OH, register 1 having address IH, etc. 

Referring back to FIG. IIB, a serial data decoder 694 
decodes the bits Y and Z, and the left/right bit to deter¬ 
mine to which of the color registers 224 the bits point. 5 
The serial data decoder 694 comprises a gate indicated 
generally at 696 in FIG. 13 and has the Z input line 620, 
the Y input line 622 ^d the left/right input 682 with the 
clock signal inputs 7M and 7M. The serial data decoder 
694 further comprises a PLA 698 having pull-down 10 
transistors 700 and pull-up transistors 702. The PLA 698 
and 8 output lines indicated generally at 704 with one 
each connected to one of the color registers 224. A 
particular logic state of the pixel data bits Y, Z, and 
left/right activates a particular output line 704 which 15 
enables the corresponding color register to output its 
contents. In this manner, these pixel data bits point to a 
unique color register. 

When a color register is selected or identified, the 
contents of the color register is outputted to a latch 706 20 
shown in FIG. IIB which has five output lines 708 
connected to a color decoder 710 for the five color bits 
and 3 outputs connected to serially connected latches 
712 and 714 by the line 716, for the 3 intensity bits. The 
output of the latch 714 is connected to an intensity 25 
decoder 718. 

The intensity decoder 718 has further inputs for the 
"SYNC” and “BLANK” NTSC standard signals. 
These signals, together with the 3 intensity bits from the 
selected color register, determine the analog values of 30 
the signal “VIDEO” at output line 720 together with a 
reference voltage of 2.5 volts at line 722. 

The color decoder 710 further has inputs for the 
NTSC standard signals “BURST” and “BLANK” 
which, together with the 5 color bits from the selected 
color register, determine the analog values of the “R-Y” 
signal on line 724 and the “B-Y” signal on line 726. 

The 8 color registers, shown in greater detail and 
indicated at 224a-A, each comprise an 8 bit register 
having register select lines 216a-A, respectively, and 
output enable lines 704<i-A, respectively. Each color 
register is connected to the 8-bit data bus 66a so that any 
particular register may be addressed when its corre¬ 
sponding register select line is enabled in order to load 
the register with the color and intensity data. (A regis¬ 
ter bit 240A0, typical of the other register bits of the 
color registers 224 is shown in greater detail in FIG. 

34.) 

The Q output of each bit of the color registers is 
connected to the 8 bit latch indicated generally at 706. 

The latch 706 has five outputs connected by a buffer 728 
to the color decoder indicated generally at 710. (Tlie 
unit 728a typical of the five units of the buffer 728 is 
shown in greater detail in FIG. 35.) 

The color decoder 710 converts the 5 digital bits from 
a color register into the analog color video signals R-Y 
and B-Y. The color decoder 710 comprises a PLA 730 
(for the R-Y signal) and a PLA 740 (for the B-Y video 
signal) the outputs of which are coupled to the gates of 
a plurality of transistor switches 742 and 744, respec¬ 
tively. The inputs of the switches 742 and 744 are selec¬ 
tively coupled to a plurality of series-connected resis¬ 
tors 746. The output of the switches 742 are connected 
to the output line 724 for the R-Y color video signal and 
the switches 744 are connected to the output line 726 for 
the B-Y color video signal. 

The 3 outputs of the latch 706 for the 3 intensity bits 
from the color registers 224 are connected to the latch 
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indicated at 712 whose outputs are connected to the 
latch 714. The output of the latch 714 is connected to 
the intensity decoder indicated generally at 718. The 
additional latches 712 and 714 provide a timing delay. 
The intensity decoder 718 decodes the 3 intensity bits 
from a color register and converts them into the analog 
intensity signal “VIDEO”. The intensity decoder 718 
comprises a PLA indicated generally at 748 whose 
output is coupled to the gates of the plurality of transis¬ 
tor switches 750. The input of the transistor switches 
750 are selectively coupled to the series-connected re¬ 
sistors 752 with the output of these switches 750 con¬ 
nected to the VIDEO signal line 720. The intensity 
decoder 718 further supplies a 2.5 reference voltage on 
the line 722 from the series-connected resistors 752. 

A clock_generator 754 shown in FIG. IID uses the 
7M and 7M clock si gnal s (7.159090 MHz square waves) 
to generate <I>G and PX. Thes e ar e the clock signals for 
the system. The frequency of PX is half that of 7M and 
the frequency of <1>G is half that of PX. 

The clock generator 754, shown in greater detail in 
FIG. 13, comprises a divide-by-2 coi^ter indicated 
generally at 756 having inputs 7M and 7M. The divide- 
by-2 counter 756 has an output line 758 which carries 
the clock signal PX. The clock generator 754 further 
comprises a second divide-by-2 counter indicated gen¬ 
erally at 760 which has inputs 7M and 7M and the input 
PX from the divide-by-2 counter 756. The output of the 
divide-by-2 counter 760, line 762, is connected to a 
buffer indicated generally at 764 which has the output 
line 766 which carries the clock signal <1>G. The output 
line 762 is also connected to an inverter and buffer 
indicated generally at 768 which has the output line 770 
for the clock signal Ol which is the same as 4>G and the 
output 772 for the clock signal d>2 which is the inverse 
of clock signal <I>G. 

The clock generator 754 has an input 774 connected 
to the output of a third signal generator indicated gener¬ 
ally at 776 which has inputs 7M, 7M and the HORI¬ 
ZONTAL DRIVE signal on the input line 778. The 
generator 776 generates a clear signal ^^a function of 
the HORIZONTAL DRIVE, 7M and 7M clock signals 
which clears the clock generator 764. 

The relationship between 7M, HORIZONTAL 
DRIVE, <I>G an d PX is illustrated in FIG. 41. The 
frequency of PX is half that of 7M and the <I>G clock 
signal is J of 7M. There are 455 cycles of 7M per hori¬ 
zontal line of pixels displayed and 113 and i of OG 
cycles per horizontal line. Because of the extra i cycle, 
<I>G must be resynchronized at the beginning of each 
line. This is done by the clear signal generator 776 
which “stalls” <I»G for 3 cycles of 7M and is initiated by 
clock signal HORIZONTAL DRIVE. PX is also 
stalled for the same amount of time. 

FIG. HE shows a television sync gen erator 780 
which also uses the clock signal 7M and 7M to generate 
NTSC, SYNC, BURST and BLANK signals to be sent 
to the intensity decoder 718 and color decoder 710 
(FIG. IIB). Also generated are the HORIZONTAL 
and VERTICAL DRIVE signals. The TV sync gener¬ 
ator co mpri ses a <I>A and <I>B generator 782 having the 
7M and 7M clock inputs. The generator 782 has output 
lines 784 and 786 for the 4>A and tbB clock signals, 
respectively, connected to a horizontal counter 788. 
The counter 788 has output lines 790 connected to input 
of a vertical counter 792 and outputs 794 connected to 
the inputs of a decoder 796. The horizontal counter 788 
counts the <t>A and <1>B clock pulses and the decoder 794 
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decodes the output of the counter 788 to provide a 
HORIZONTAL BLANK signal on a line 800, a 
BURST signal on a line 802 and a HORIZONTAL 
DRIVE signal on a line 804. A decoder 806 is con¬ 
nected to the output of the vertical counter 792 and 5 
provides a VERTICAL BLANK signal on a line 808, 
two signals related to a VERTICAL SYNC signal on 
lines 810 and 811 connected to inputs of the decoder 796 
and a VERTICAL DRIVE signal on a line 812. 

An OR gate 818 has inputs connected to the HORI- 10 
ZONTAL BLANK signal line 800 and to the VERTI¬ 
CAL BLANK signal line 808 and has an output line 820 
for the BLANK signal. The decoder 786 decodes the 
input lines 810 and 811 as well as the count of the 
counter 788 to produce the SYNC signal on line 798. 15 

The SYNC, BLANK and BURST signals are NTSC 
standard timing signals and are utilized to generate the 
R-Y, B-Y and VIDEO signals. The HORIZONTAL 
DRIVE and VERTICAL DRIVE signals are used to 
synchronize the data chip with the address chip as well 20 
as to provide clock signals for the vertical position 
counter 626 and horizontal position counter 628 (FIG. 
IIB). The HORIZONTAL DRIVE signal occurs once 
every horizontal raster scan line (63.5 microseconds), 
and VERTICAL DRIVE occurs once every field (16.6 25 
milliseconds). 

The OA and <1>B generator 782 is shown in FIG. 13 to 
comprise a counter 822 which is connected to an output 
buffer (indicated generally at 824) having output line 
826 for the <PA clock signal and output line 828 for the 30 
4>B output signal, which are 2.045 MHz. (The counter 
822 is shown in FIG. 36 to comprise a “divide by 3i” 
counter having the input clock signal 7M and 7M.) 

The counter 788 has 8 bits, ISSa-h, and a pro¬ 
grammed logic array, or PL A indicated generally at 35 
830. (The logic circuitry of the counter bits 788a-g are 
logically similar to those shown in FIGS. 31 and 32 for 
the horizontal position counter 628 with the logic cir¬ 
cuitry of the bit 788/i shown in greater detail in FIG. 

37.) The horizontal counter 788 is a divide-by-l30 40 
counter and has a frequency of 63.5 microseconds. The 
Q and Q outputs of the bits 628a-A of the counter 788 
are connected to the decoder indicated generally at 786 
which comprises a programmed logic array 832. The 
output of the PLA 832 is selectively coupled to 3 flip- 45 
flops 834-836 either directly or by logic elements 838. 
(The flip-flop 834 is typical of the flip-flop 834-836 and 
is shown in greater detail in FIG. 38.) 

The flip-flop 836 has an output line 800 which carries 
the HORIZONTAL BLANK signal and is connected 50 
to the OR gate 818 which comprises a NOR gate 840 
and an inverter 842. An output line 802 of the flip-flop 
835 (via a buffer 385) carries the BURST signal with the 
output line 798 of the flip-flop 834 (via a buffer 385 
carrying the SYNC signal.) An output line 804 of the 55 
delay elements 839 from the decoder PLA 786 carries 
the HORIZONTAL DRIVE signal. 

The Q output of the bit 7886 of the counter 788 is 
connected to the input 2 of a flip-flop 850 (slrown in 
greater detail in FIG. 39.) The outputs C and C of the 60 
flip-flop 850 have a frequency of half that of the hori¬ 
zontal counter 788 and are connected to the clock in¬ 
puts of the counter 792 having bits 192a-j. The counter 
792 is a divide-by-512 counter and has a period of 1/30 
of a second. (The counter bits 7926-y are logically simi- 65 
lar to those shown in FIG. 24 with the bit 792a also 
logically similar but excluding those elements shown in 
phantom.) The Q and Q outputs of the bits of the 
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counter 792 are selectively coupled to a programmed 
logic array indicated generally at 852 of the decoder 
806. An output line 853 of the PLA 852 is connected to 
a flip-flop 856 (shown in greater detail in FIG. 38) hav¬ 
ing an output line 857. The output line 857 carries the 
VERTICAL BLANK signal and is connected to an 
input of the NOR gate 840. An output line 854 is con¬ 
nected to a shift register bit 858 (shown in greater detail 
in FIG. 23). The output of the shift register 858 is con¬ 
nected to a plurality of logic elements 859 having addi¬ 
tional clock signal inputs Ol and «I>2 and an output line 
860 which carries the VERTICAL DRIVE signal. The 
line 860 is connected by a buffer 862 to the VERTICAL 
DRIVE pad 864. 

FIG. 42 illustrates the relationship between SYNC, 
VERTICAL BLANK and VERTICAL DRIVE sig¬ 
nals. Each division represents 1 horizontal scan of the 
raster scan. 

FIG. 43 illustrates the relationship between the sig¬ 
nals HORIZONTAL DRIVE, HORIZONTAL 
BLANK, SYNC and color BURST with each horizon¬ 
tal division equal to 3^ cycles of the clock 7M. The 
pattern repeats every 455 cycles of 7M. The shaded area 
voltages are determined by the pixel data bits from the 
display RAM. The color BURST signal time occurs 
when B-Y is at 1.7 v and the SYNC signal time occurs 
when VIDEO is at 0 v. The relationship between the 
HORIZONTAL DRIVE and VERTICAL DRIVE 
signals is illustrated in FIG. 41. 

In memory write cycles, in whi ch data is written to 
the display RAM, a control signal WRCTL (generated 
by the address chip) is activated and a memory control 
circuit 882 (FIG. IIF) of the data chip generates the 
DATEN control signal. The function generator (FIG. 
IIC) takes the data from the CPU from the microcycle 
data bus 66 and transfer s it to the memory data bus in 
conjunction with the DATEN control signal. Of 
course, if the data is to be modified, the function genera¬ 
tor will modify the data as required as it places the data 
on the memory data bus. The memory control circuit 
882 has an additional input for another address chip 
generated control signal LTCHDO and an output line 
884 at which the memory control circuit 882 outputs a 
second control signal which is a function of the 
LTCHDO control signa l. The rela tionship between the 
data chip control signal DATEN and the address chip 
control signal WRCTL is shown for two memory write 
operations in FIGS. 12A and D. 

The memory control circuit is shown in greater detail 
in FIG. 13 and is indicated generally at 882. The mem- 
ory con trol circuit has an input line 886 for the 
WRCTL control signal which is connected by a plural¬ 
ity of logic elements 888 to a fli p-flop 89 0 having an 
output line 892 which carries the DATEN control sig¬ 
nal. The logic elements 888 include the transistor switch 
889 which has a clock signal line 891 connected to the 
gate of the switch 889. The clock signal on the line 891 
is a function of the clock signals d>l, PX and P X. The 
output line 892 (which carries th e DATEN control 
signal is connected to a DATEN pad 896 by a buffer 
385 and a buffer 894. The buff er 385 also has an output 
line 898 which also carries the DATEN control signal. 

The memory control signal 882 further has an input 
line 900 for the LTCHDO control signal from the ad¬ 
dress chip. Line 900 is connected by a resistor and an 
inverter 902 to a NOR gate 904 having an additional 
input connected to the control signal line 891 and an 
input connected to the control signal <I>2. The output of 
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the NOR gate 904 is connected by a buffer 385 to an 
output line 884. The LTCHDO control signal from the 
address chip indicates to the data chip when valid data 
from the display RAM is present on the memory data 
bus. The OR/exclusive-OR circuit 480 (FIG. 13) uti- 5 
lizes the control signal on the output 884 which is a 
function of the control signal LTCHDO to latch-up 
data from the memory data bus which is utilized in the 
OR and exclusive-OR operations. 

Referring now to FIG. 13, the data chip generates 10 
two further control signals, INPUT on a line 908 and 
OUTPUT on a line 910. These control signals are gen¬ 
erated by the logic elements indica ted gen erally at 912 
which have an input line 914 for the lORQ CPU control 
signal, an input line 916 which carries the CPU control 15 
signal Ml, and an input line 918 which carries the CPU 
control signal RD. The signals INPUT and OUTPUT 
indicate when an input or output operation is requested 
by the CPU and have a duration which is longer than 
that of the CPU control signals to compensate for delay 20 
due to the microcycler. 

ADDRESS CHIP 

The address chip 56 of the video processor 52 is 
shown in FIG. 10 to have inputs MXD0-MXD7 from 25 
the microcycle data bus 66 with memory address out¬ 
puts MA0-MA7 connected to a latch 950 whose output 
is connected to the display RAM address bus 952. The 
address chip relays addresses transmitted by the CPU 
whereby the CPU may selectively read the contents of 30 
the display RAM, sequentially generates addresses for 
reading the display RAM synchronously with the dis¬ 
play of pixels on the screen represented in the display 
RAM and handling and generating interrupts. 

The address chip further has clock inputs <|) and $ 35 
from t h e buffer 100, C PU con trol signal inputs OT, ED, 
IDRQ, MREQ and RFSH and CPU control signal 
outputs INT and WAIT from and to, respectively, the 
CPU. Outputs carr ying the ad dress chip generated sig¬ 
nals LTCHDO and WRCTL are connected to the cor- 40 
responding inputs of the data chip 54 with inputs con¬ 
nected to the data chip outputs VERT. DR. and HOR. 
DR. The address chip address bit has inputs A12-A14 
colle cted to the CPU address bus 73, input LIGHT 
PEN from the light pen 62 (FIG. 2). Finally, inputs 45 
TEST, VDD, VGG and VSS are connected to -I- 5 v, 

-1-5 v, -t-10 V, and ground with the row address strobe 
signal RASO connected to an input of the logic ele¬ 
ments indica ted g enerally at 954 which generate the 
write enable (WE), column address strobe (CAS), chip 50 
select (CS) and row address strobe (RAS) signals. 

The address chip 56 of the video processor 52 is 
shown in a block diagram in FIG. 44. The address chip 
56 has a microcycle decoder 1000 which selects 12 bits 
of address from the data from 8-bit data bus 66b con- 55 
nected to the microcycle data bus 66 by a buffer 1001. 

The microcycle decoder 1000 is similar to the microcy¬ 
cle decoder 212 of the data chip and need not be dis¬ 
cussed in detail. 

A detailed circuit implementing the block diagram of 60 
the address chip is shown in FIGS. 45A-J with a com¬ 
posite diagram of FIGS. 45A-J shown in FIG. 46. The 
interconnection of the microcycle decoder 1000 within 
the address chip is shown in FIG. 45 (with an address 
bit unit AO typical of the units A0-A7, shown in greater 65 
detail in FIG. 47 and address bit unit A8, typical of 
address units A8-A12 shown in greater detail in FIG. 

48). The address bit units A0-A7 of the microcycle 
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decoder 1000 have an input line 1002 which carries the 
control signal LDLl by which the low address bits 
A0-A7 are loaded. Similarly, the address bit units 
A8-A13 of the microcycle decoder 1000 have an input 
line 1004 which carries the control signal LDHl by 
which the high address bits A8-A13 are loaded. The 
address bits are carried on the address chip data bus 66b 
which is connected to the microcycle data bus 66 by the 
tri-state buffer 1001 comprising units lOOla-A (with 
buffer unit lOOlu, typical of the buffer units, shown in 
greater detail in FIG. 49). The control signals LDLl 
and LDHl are generated by the logic element indicated 
generally at 1006 in a manner similar to that for the 
LDLl and LDHl control signals generated by the 
microcycle generator 106 of the data chip shown in 
FIG. 11 A. 

Referring back to FIG. 44, the outputs of the addess 
bit units A0-A7 of the microcycle decoder 1000 are 
connected to an address decoder 1008 also logically 
similar to the address decoder 214, (FIG. IIB) of the 
data chip. Thus the address decoder 1008 decodes the 
addresses transmitted by the CPU to activate an associ¬ 
ated select line 1010-1018. As indicated in Table II, the 
address decoder 1008 will decode the address FH 
(when the INPUT control signal is present) which is 
operably connected to the horizontal feedback input 
register. As another example, address decoder 1008 will 
activate the line 1013 which is operably connected to 
the interrupt enable and mode registers when the ad¬ 
dress EH and the control signal OUTPUT are present. 

The address decoder 1008 is shown in FIG. 45 to 
comprise a programmed logic array having input lines 
connected to the complemented and uncomplemented 
outputs of the address bit units A0-A7 of the microcy¬ 
cle decoder 1000, and input line 1020 for the OUTPUT 
control signal and an input line 1022 for the control 
signal INPUT. The select lines 1010-1017 of the address 
decoder 1008 for the horizontal feedback register, a 
vertical feedback register, an interrupt line register, the 
interrupt enable and mode register, an interrupt feed¬ 
back register, a function generator register, a vertical 
blank register, a low/high resolution mode register, and 
an output line 1018 to the memory cycle generator, 
respectively, are also indicated. 

The address bits A0-A7 from the microcycle decoder 
1000, together with the address bits A8-A13 are con¬ 
ducted to a multiplexer 1024 which has 12 outputs as 
shown in FIG. 44. A scan address generator 1026 gener¬ 
ates a 12-bit address which is used to read pixel data 
from the display RAM. The scan address is generated 
synchronously with the raster scan of the display and 
incrementally increases from OH to FFFH once every 
field (1/60 seconds). 

The multiplexer 1024 sends either the scan address or 
the address from the CPU (via microcycle decoder 
1000) to its 12 outputs. The outputs of the multiplexer 
1024 are connected to a second multiplexer 1026 which 
multiplexes its 12 inputs to 6 address bits, MA0-MA5, in 
two “time slices” required for the 4KX 1 16 pin RAMs 
which comprise the display RAM. 

When the multiplexer 1024 sends the address bits 
from the CPU to its 12 outputs, the 12 address bits 
AO-All of the 14 input address bits A0-A13 from the 
microcycle decoder 1000 are selected in the low-resolu¬ 
tion mode. In the high resolution mode, the 12 address 
bits A2-A13 are selected. The mode of operation, 
whether low or high resolution, is set by the logic state¬ 
ment of a low/high resolution mode flip-flop or register 
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1030 shown in FIG. 45. The flip-flop 1030 has the same 
address as the low/high flip-flop 606 of the data chip. 
(The logic circuitry of the flip-flop 1030 is shown in 
greater detail in FIG. 50.) The flip-flop 1030 has an 
output line 1032 shown in FIG. 44 to be connected to a 5 
select input of the multiplexer 1024 so that the proper 
address bits from the CPU (via the microcycle decoder 
1000) are selected when the address from the CPU is to 
be transmitted to the outputs of the multiplexer 1024. 

The scan address generator 1026 which generates the 10 
12-bit address used to read pixel data from the display 
RAM resets with every other 40 address counts in the 
low resolution mode (as there are 40 bytes per horizon¬ 
tal display line) so that the scan address generator 1026 
counts from 0 to 39 twice and then counts from 40 to 79 15 
twice, etc. This results in each pixel of a field being 
scanned twice. In other words, each two-bit pixel data 
is utilized twice in two consecutive horizontal scans. 
Since a frame consists of two interleaved fields, any 
particular pixel extends four horizontal scan lines in the 20 
vertical direction. 

The scan address generator 1026 has inputs for the 
HORIZONTAL DRIVE and VERTICAL DRIVE 
signals generated by the data chip to synchronize the 
scan address generator with the data chip and the TV 25 
raster scan. 

The scan address generator is indicated generally at 
1026 in FIG. 45 and comprises a counter 1034 having 
12-bits 1034a-/ and flip-flops 1036-1038. (The counter 
bits 1034a and 1034i are shown in greater detail in 30 
FIGS. 51 and 52 respectively.) Bit 1034c, typical of bits 
1034c-/ is also shown in greater detail in FIG. 53. As 
seen in FIG. 53, each of the bits 1034c-/ comprise a 
latch 1039 which is activated synchronously with the 
HORIZONTAL DRIVE pulse so that the count is 35 
latched up with each HORIZONTAL DRIVE pulse 
which occurs after each 40 counts. 

A line 1040 (FIG. 45) carrying the VERTICAL 
DRIVE signal from the data chip is connected by the 
logic elements indicated generally at 1042 to an input of 40 
the flip-flop 1038. The output of the flip-flop 1038 is 
connected to the reset input R of the counter units 
1034a-/. Thus, the VERTICAL DRIVE signal oper¬ 
ates to reset the counter 1034 to 0 after each field has 
been scanned. 45 

A line 1044 carrying the HORIZONTAL DRIVE 
signal from the data chip is connected by the logic 
elements indicated generally at 1046 to the input of the 
flip-flop 1037 whose output is connected to the D input 
of the flip-flop 1036 (which is shown in greater detail in 50 
FIG. 54.) The Q and Q outputs of the flip-flop 1036 are 
connected to the 10 and 9 inputs, respectively, of the 
counter bits 1034</-/. 

The other output of the flip-flop 1037 is connected to 
the input of a NOR gate 1048 having another input 55 
connected to the output line 1032 of the low/high reso¬ 
lution flip-flop 1030 and still another input connected to 
the output of the least significant bit of a line counter to 
be described later. The output of the NOR gate 1048 is 
connected to the 1 input of the counter bits 1034a-/ and 60 
to the 2 input by an inverter 1050. 

The output of the NOR gate 1048 will go low with 
every other scan line (as determined by the output of 
the LSB 1138a of the line counter 1138) upon a HORZ 
DR (HORIZONTAL DRIVE) pulse when in the low 65 
resolution mode. This causes the counter to be reset to 
the count that was latched up in the latches 1039. Since 
the count latched up is 40 less than the current count. 
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the counter will count from 0-39 twice, 40-79 twice, 
80-119 twice, etc. Thus a line of pixel data is utilized to 
define 2 consecutive scan lines in each field in the low 
resolution mode. 

The scan address generator 1026 has an input line 
1052 which carries a clock signal which is connected by 
a transistor switch 1054 and an inverter 1056 to the 4 
input of the bits 1034a-/ and to the 3 inputs by an in¬ 
verter 1058, of the counter 1034. The generation of the 
clock signal carried by the line 1052 will be described 
later also. 

The multiplexer 1024 and 1028 comprise the NOR 
gates indicated at 1058, each having an input connected 
to the address bit outputs A0-A6 of the microcycle 
decoder 1000, 6 NOR gates 1060, each having an input 
connected to the address bit outputs A2-A7, respec¬ 
tively, 6 NOR gates indicated at 1062, each having an 
input connected to the address bit outputs A6-A11, 
respectively, and 6 NOR gates 1064, each having an 
input connected to the address bits A8-A13, respec¬ 
tively, of the microcycle decoder 1000. 

The output line 1032 of the low/high resolution flip- 
flop 1030 is connected to the input of a NOR gate 1066 
which is connected to the inputs of the NOR gates 1058 
by the serially connected transistor switch 1068 and 
inverter 1070, with the output line 1032 also connected 
to the input of a NOR gate 1072 whose output is con¬ 
nected to the input of the NOR gate 1062 by the serially 
connected transistor switch 1074 and an inverter 1076. 
The output line 1032 is also connected to an inverter 
1078 whose output is connected to the input of a NOR 
gate 1080. The output of the NOR gate 1080 is con¬ 
nected to the inputs of the NOR gates 1060 by a serially 
connected transistor switch 1082 and inverter 1084, 
with the output line 1032 also connected to an inverter 
1086 whose output is connected to the input of a NOR 
gate 1088. The output of the NOR gate 1088 is con¬ 
nected to the inputs of the NOR gates 1064 by a serially 
connected transistor switch 1090 and an inverter 1092. 

When the output of the low/high resolution mode 
flip-flop is a logical 0, (corresponding to the low resolu¬ 
tion mode), the output of the inverter 1078 is a logical 1, 
the output of the NOR gate 1080 is a logical 0, and the 
output of the inverter 1084 is a logical 1 driving the 
outputs of the NOR gate 1060 (corresponding to ad¬ 
dress bits A2-A7) to a logical 0 with the outputs of the 
NOR gate 1064 (corresponding to the address bits 
A8-A13) also being driven to a logical 0. In this man¬ 
ner, the NOR gates 1058 corresponding to the address 
bits A0-A5 and the NOR gates 1062 corresponding to 
the address bits A6-A11 are selected in the low resolu¬ 
tion mode. On the other hand, when the output of the 
flip-flop 1030 is a logical 1, corresponding to the high 
resolution mode, the NOR gates 1060 and 1064 are 
selected which corresponds to the address bits A2-A13. 

The multiplexers 1024 and 1028 further comprise 6 
NOR gates 1094, each having an input connected to the 
address bit outputs A0-A6 of the counter bits 1034a-/ 
respectively, and the 6 NOR gates 1096, each having an 
input connected to the address bit outputs A6-A11 of 
the counter bits 1034g-/, respectively. 

The multiplexers 1024 and 1026 have a VIDNXT2 
clock signal input line 1098 which is connected to an 
input of the NOR gates 1066 and 1080 and to the NOR 
gate 1072 by a transistor switch 1100 and to the NOR 
gate 1088 by a transistor switch 1102. The gates of the 
transistor switches 1100 and 1102 are connected to the 
clock signal 'M. The VIDNXT2 clock signal input line 
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1098 is also connected to the inputs of the NOR gates 
1094 by the series-connected transistor switch 1104 and 
inverter 1106. The VIDNXT2 input line 1098 is also 
connected by the series-connected inverter 1108, tran¬ 
sistor switch 1110, inverter 1112, transistor switch 1114, 5 
and inverter 1116 to the inputs of the NOR gate 1096. 

The logic state of the clock signal VIDNXT2 deter¬ 
mines whether the address bits from the CPU (via the 
microcycle decoder 1000) or the address bits generated 
by the scan address generator 1052 are conducted to the 10 
memory address bus indicated at 1118 which carries the 
address bits MA0-MA5. VIDNXT2 occurs 40 times a 
scan line and indicates that the next RAM access cycle 
is a “video” cycle. In a video cycle, the system reads 
pixel data from the display RAM to be displayed on the 15 
screen. The generation of VIDNXT2 will be described 
later. 

The outputs of the NOR gates 1058,1060,1062,1064, 
1094 and 1096 are selectively coupled to the output lines 
1120-1125 by a plurality of transistor switches 1128. 20 
The output lines 1120, 1121 and 1122 are each con¬ 
nected by a series-connected NOR gate 1130 and buffer 
1132 (shown in greater detail in FIG. 55), to the MAO, 
MAI and MA2 bits of the memory address bus 1118. 
The output lines 1123, 1124 and 1125 are each con- 25 
nected by a series-connected NOR gate 1130 and buffer 
1134 (shown in greater detail in FIG. 56) to the MA3, 
MA4 and MA5 bits of the memory address bus 1118. 

If the logic state of VIDNXT2 on line 1098 is a logi¬ 
cal 0, the output of the inverters 1106 and 1116 are a 30 
logical 1 which drives the outputs of the NOR gates 
1096 and 1094 (corresponding to scan address generator 
bits AO-All) to a logical 0. Thus, the address bits from 
the scan address generator are not conducted to the 
memory address bus 1118 when VIDNXT2 is a logical 35 
0. On the other hand, when the state of VIDNXT2 on 
line 1098 is a logical 1 indicating the next cycle is a 
video cycle, the output of the inverters 1070,1084,1072 
and 1092 are a logical 1 which drives the outputs of the 
NOR gates 1058, 1060,1062 and 1064 (corresponding to 40 
the address bits from the CPU) to a logical 0. 

The NOR gates 1094 have an additional clock signal 
input <I>1 with the NOR gates 1096 also having an addi¬ 
tional clock signal <^2 which is the inverse of the clock 
signal d>l. Thus, when the address bits from the scan 45 
address generator are to be transmitted to the memory 
address bus 1118, the clock signal 4>1 goes low first 
which allows the address bits A0-A5 to be conducted 
first, followed by the address bits A6-A11 from the 
NOR gates 1096 when the clock signal 01 goes high and 50 
the clock signal 01 goes low. 

Similarly, the NOR gates 1058 (corresponding to the 
address bits A0-A5 during the low resolution mode) 
and the NOR gates 1060 (corresponding to the address 
bits A2-A7 during the high resolution mode) have an 55 
additional clock signal input <1>1 and the NOR gates 
1062 (for bits A6-A11) and 1064 (for bits A8-A11) have 
the additional clock signal <t>2. When the address bits 
from the CPU are to be conducted to the memory ad¬ 
dress bus 1118, the bits are also transmitted in two 6-bit 60 
slices, A0-A5 first, then A6-A11 (low resolution mode) 
ot A2-A7 first, then A8-A13 (high resolution mode). 

SCREEN AND LIGHT PEN INTERRUPTS 

An additional function of the address chip concerns 65 
interrupts, namely a “screen” interrupt and "light pen” 
interrupt. The purpose of the screen interrupt is to syn¬ 
chronize the system “software” with the video system. 
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The CPU under the direction of the software or pro¬ 
gramming stored in the ROM’s, can send a line number 
to an interrupt line register 1136 (which has address 
FH) shown in FIG. 44. 

In the low resolution mode, bit 0 of interrupt line 
register 1136 is set to 0 and the line number is set to bits 
1-7. In the high resolution mode, the line number is sent 
to bits 0-7. If the screen interrupt is enabled, the CPU 
will be interrupted when the display completes scan¬ 
ning the line which is contained in the interrupt register. 
A line counter 1138 counts the lines of pixels as they are 
displayed on the screen and the output of which is com¬ 
pared with the line number stored in the interrupt line 
register 1136 by a comparator 1140. 

The output of the comparator 1140 sets a flip-flop 
1142 which utilizes the HORIZONTAL DRIVE signal 
as a clock signal. The output of the flip-flop 1142 is 
connected to interrupt circuitry 1144 which generates 
an interrupt signal INT on an output line 1146 when the 
screen interrupt is enabled. The interrupt signal INT is 
transmitted to the CPU. 

This interrupt can be used for timing since each line is 
scanned 60 times a second. It can also be used in con¬ 
junction with the color registers to make as many as 256 
color-intensity combinations appear on a screen at the 
same time. Thus, after a screen interrupt, the data 
within the 8 color registers which can define 8 different 
color-intensity combinations may be changed to 8 addi¬ 
tional color-intensity combinations with the interrupt 
line register contents also being changed to a subse¬ 
quent line number. When this line is reached the process 
may be repeated until the full 256 possible combinations 
represented by the 5 color bits and 3 intensity bits in 
each color register have been displayed. 

The light pen interrupt occurs when the light pen 
trigger is pressed and the video scan of the display 
crosses the point on the screen were the li ght pen is 
located which generates a signal LIGHT PEN on an 
input line 1148 to the interrupt circuitry 1144. When the 
light pen interrupt is enabled, th e int errupt circuitry 
1148 generates the interrupt signal INT and transmits it 
to the CPU. 

The CPU interrupt routine resulting from the INT 
signal can read two registers to determine the position 
of the light pen. The line number which indicates the 
vertical position of the light pen is read from a vertical 
feedback register 1150 which has address EH. In the 
high resolution system, the line number is in bits 0-7. In 
the low resolution system, the line number is in bits 1-7, 
and bit 0 should be ignored. 

The horizontal position of the light pen can be deter¬ 
mined by reading a horizontal feedback register 1152 
having address FH and subtracting 8. In the low resolu¬ 
tion system, the resultant value is the pixel position 0 to 
159. In the high resolution system, the resultant must be 
multiplied by 2 to give the pixel position, 0 to 358. 

A horizontal position counter 1154 counts the pixel 
positions as the corresponding pixels are scanned. The 
counter 1154 is reset by the HORIZ DR signal and is 
clocked by the clock signal. The output of the horizon¬ 
tal position counter 1154 is connected to the horizontal 
feedback register 1152. The output of the line counter 
or vertical position counter 1138 is connected to the 
vertical feedback register 1150. When the light pen 
interrupt is enabled, t he interru pt circuitry 1144, upon 
the occurrence of a LIGHT PEN signal, causes the 
horizontal feedback register 1152 to latch up the current 
horizontal position as indicated by the horizontal posi- 
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tion counter 1154. Similarly, the vertical feedback regis- the register select line 1011 from the address decoder 
ter 1150 is caused to latch up the current vertical posi- 1008. The CPU may read the contents of the vertical 
tion or line as indicated by the line counter 1138. feedback register 1150 by transmitting its address to the 

When the CPU acknowledges an interrupt, it reads 8 address decoder wherein the line number contained 
bits of data from the data bus. It then uses the data as an 5 within the vertical feedback register 1150 is conducted 
instruction or an address. This data is determined by the onto the data bus 66b to the CPU. The CPU will read 

contents of an interrupt feedback register 1156 which the contents of the vertical fee dbac k register 1150 in 

has address DH. The contents of the interrupt feedback response to an interrupt signal INT after determining 

register 1156 is originally set by the placement of data in that the interrupt is a light pen interrupt by reading the 

it by the CPU. In responding to a screen interrupt, the 10 interrupt feedback register. In this manner, the CPU 
contents of interrupt feedback register are placed di- can determine the vertical position of the light pen. 
rectly onto the data bus 66a. In responding to a light pen The horizontal position counter is indicated generally 
interrupt, the lower 4 bits of the data bus are set to 0 and at 1154 and comprises bits 1154a-ft (with bit 1154t/ 

the upper 4 bits are the same as the corresponding bits of shown in greater detail in FIG. 60 and bit 11546, typical 

the interrupt feedback register 1156. Thus, if the lower 15 of bits 11546-6, shown in greater detail in FIG. 61.) The 
4 bits are 0, the CPU can determine that the light pen counter 1154 further comprises a programmed logic 

initiated the interrupt. Otherwise, the interrupt is a array indicated generally at 1168. The horizontal posi- 

screen interrupt. tion counter 1154 has clock inputs 4>1 and ’t>2 and syn- 

In order for the Zilog Z-80 to be interrupted, the chronously counts the pixels of the line of pixels being 

internal interrupt enable flip-flop must be set by an El 20 displayed. Thus, the count contained within the counter 
instruction and one or two of the external interrupt 1154 corresponds to the horizontal position of the last 

enable bits of an interrupt enable and mode registers pixel displayed. The counter 1154 has a reset input line 

1158 which have address EH must be set. If bit 1 is set, 1170 which is connected to the output of the logic de¬ 
light pen interrupts can occur. If bit 3 is set, screen ments 1046 which have the HORIZONTAL DRIVE 

interrupts can occur. If both bits are set, both interrupts 25 signal input. The HORIZONTAL DRIVE signal 
can occur and the screen interrupt has high priority. which occurs at the end of each line of the raster scan 
The interrupt mode bits of the interrupt enable and causes the horizontal position counter 1154 to reset, 

mode register 1158 can determine what happens if an The outputs of the bits 1154c-g of the horizontal 
interrupt occurs when the Zilog Z-80 CPU interrupt position counter 1154 are connected to the inputs of the 
enable flip-flop is not set. Each of the two interrupts 30 bits 1152fl-g, respectively, of the horizontal feedback 
may have a different mode. In “mode 0” the Z-80 will register indicated generally at 1152. (Logic circuitry of 

continue to be interrupted until it finally enables inter- the bits 1152ij-g is similar to that shown for bit 1158a of 

rupts and acknowledges the interrupt. In mode 1, the the vertical feedback register shown in FIG. 59.) The 

interrupt will be discarded if it is not acknowledged by output of the bits 1152a-g are connected to the data bus 

the next instruction after it occurred. If mode 1 is used, 35 666. 

the software should be designed such that the system The horizontal feedback register 1152 has a latch 
will not be executing certain Zilog Z-80 instructions enable line connected to the line 1164 from the interrupt 

when the interrupt occurs. The OP codes of these in- circuitry, such that the register 1152 can latch-up the 

structions being with CDH, DDH, EDH and FDH. current position count contained within the horizontal 
The line counter 1138 is shown in greater detail in 40 position counter 1154 upon a signal fro m the interrupt 
FIG. 45 and comprises 8 bits 1138a-6. (The bit 1138a is circuitry 1144 in response to the signal LIGHT PEN 

shown in greater detail in FIG. 57 with the bit 11386, from the light pen. The horizontal feedback register 

typical of bits 11386-6 shown in greater detail in FIG. 1152 has an input connected to the register select line 

58.) The counter 1138 has an input line 1160 which is 1010 from address decoder 1008 whereby the CPU may 

connected to the output of the logic elements 1046 45 read the contents of the horizontal feedback register 
which have the HORIZONTAL DRIVE signal input. 1152 by transmitting the address of the horizontal feed- 

The HORIZONTAL DRIVE signal occurs once for back register 1152 to the address decoder. The CPU 

each line of pixels displayed on the screen. The line will read the horizontal feedback register to determine 

counter 1138 synchronously counts the lines as they are the horizontal position of the light pen in response to a 

displayed and indicates the current line number being 50 light pen interrupt. 

displayed. The line counter 1138 has a reset input line The output of the bits 1154a-6 of the horizontal posi- 
1162 which is connected to the output of the logic ele- tion counter 1158 are also connected to a decoder indi- 

ments 1042 which have the VERTICAL DRIVE input cated generally at 1171 which includes a PLA 1275, a 

signal. The line counter 1138 resets on each vertical J-K flip-flop 1276 (shown in greater detail in FIG. 62) 

drive pulse which occurs at the end of each field. 55 and pull-ups 1173 whose outputs are selectively coupled 
The output of each of the counter bits 1158a-6 are to a NOR gate 1175. The output of the NOR gate 1175 

connected to the inputs of the vertical feedback register is connected to a plurality of delays and inverters at 

indicated generally at 1150 and comprising bits 1150a-6 1177 which have an output line 1098 which carries the 

(with typical bit 1150c shown in greater detail in FIG. clock signal VIDNXT2. 

59). The vertical feedback register 1150 has a latch 60 VIDNXT2 is activated when the horizontal counter 
enable line 1164 connected to the output of the interrupt 1154 indicates a negative 1 or if bit 0 is a 1 and bit 8 is 

circuitry indicated generally at 1144. When this line is a 0, which occurs 40 times a scan line. Since the MUX 

enabled, in response to a LIGHT “PEN signal from the 1024 utilizes VIDNXT2 as a select signal, the addresses 

light pen, the vertical feedback register 1150 latches up generated by the scan address generator 1026 are se- 

the current count contained in the line counter 1138. 65 lected 40 times a line. Furthermore, the scan address 
The output of each bit 1150a-6 is connected to the data generator clock signal input line 1052 is connected to an 

bus 666. The vertical feedback register 1150 has an output of the elements 1177 so that the scan address 

output enable input connected by an inverter 1166 to generator is clocked 40 times a scan line to output 40 
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sequential addresses synchronously with the MUX 
1024. VIDNXT2 is also utilized to generate the RAS 
(row address strobe) signals at 1179 for the video cy¬ 
cles. 

The output of the line counter 1138 is also connected 
to the inputs of the comparator 1140 shown to comprise 
8 exclusive-OR units 1140af-/i (with unit 1140i2, typical 
of the units 1140c-A, shown in greater detail in FIG. 63) 
and a PLA 1172 connected to the outputs of the units 
1140a-h. The comparator 1140 further comprises the 
flip-flop 1142 connected to the output of the PLA 1172 
by a NOR gate 1174. The comparator 1140 has further 
inputs connected to the outputs of the interrupt line 
register 1136 which comprises bits 1136fl-A (with the 
bits 1130a-A logically similar to that shown in FIG. 50). 
The interrupt line register 1136 which stores the screen 
interrupt line number from the CPU, has further input 
connected to the register select line 1012 from the ad¬ 
dress decoder 1008 by which the CPU may address the 
interrupt line register 1136 in order to input the inter¬ 
rupt line number. 

The comparator 1140 compares the number of the 
current line being displayed by the display unit as indi¬ 
cated by the line counter 1138 with the line number 
stored in the interrupt line register 1136. When the line 
counter reaches the number in the line register 1136, the 
flip-flop 1142 (shown in greater detail in FIG. 64) is set. 
The flip-flop 1142 has an output line 1176 connected to 
the interrupt circuitry shown at 1144 which carries the 
screen interrupt signal to the interrupt circuitry. 

The interrupt c ircuitry 1144 has an input line 1178 
which carries the LIGHT PEN signal which indicates 
that the raster scan has crossed the point where the light 
pen 62 (FIG. 2) is located. The line 1178 is connected by 
resistor 1180 and NOR gate 1182 to the clock input of a 
flip-flop 1184. The output of the flip-flop 1184 is con¬ 
nected to the input of a flip-flop 1186 (with flip-flop 
1184 logically similar to that shown in FIG. 64 and 
flip-flop 1186 logically similar to that shown in FIG. 
54). 

The interrupt mode and enable registers 1158 com¬ 
prise 5 bits 1158a-e (with bit 1158A shown in greater 
detail in FIG. 65 and bits 1158a and 1158c-e logically 
similar to that shown in FIG. 50). The output of bit 
1158/> or bit 1 (which is the light pen enable bit) is con¬ 
nected to the input of an AND gate 1188 which is con¬ 
nected to the input of a NOR gate 1190. The other input 
to NOR gate 1190 is connected to the output of bit 4 or 
bit 1158e of the register 1158. The other input of the 
AND gate 1188 is connected to the output of a flip-flop 
1192 (shown in greater detail in FIG. 6^ whose input is 
connected to the output of a decoder indicated gener¬ 
ally at 1194 which decodes the output of the horizontal 
counter 1154. The output of the NOR gate 1190 is con¬ 
nected by a NOR gate 1196 to the D input of the flip- 
flop 1184. 

The output line 1176 from the flip-flop 1142 (which 
carries the screen interrupt signal) is connected to the 
clock input of a flip-flop 1198 (logically similar to that 
of flip-flop 1184). The output of the flip-flop 1198 is 
connected to the D input of a flip-flop 1200 (which is 
logically similar to that shown in FIG. 54 for the flip- 
flop 1186). 

The output of bit 3 or bit llSSd (which is the screen 
interrupt enable bit) of the interrupt enable and mode 
registers 1158 is connected to the D input of the flip- 
flop 1198. The output of the flip-flop 1184 is also con¬ 
nected by a line 1202 to the input of a plurality of logic 
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elements 1204 whose output is connected to a plurality 
of logic elements 1206 having the output line 1164 
which is connected to the latch enable inputs of the 
vertical feedback register 1150 and horizontal feedback 
register 1152. The output of the flip-flop 1184 is also 
connected to the input of a NOR gate 1208 whose out¬ 
put is connected to a plurality of logic elements 1210 
having an output line 1212. The output line 1212 is 
connected by a line 1214 to an output buffer 1216 whose 
output line 1218 carries the control signal INT which is 
the interrupt control signal to the CPU. The output line 
1212 is also connected by a plurality of logic elements 
indicated generally at 1220 (which includes a flip-flop 
1221) to the input of a flip-flop 1222. (The flip-flop 1221 
and 1222 are logically similar to the flip-flop shown in 
FIG. 67.) The ^ output of the flip-flop 1222 is con¬ 
nected to the input of NOR gates 1223 and 1224 which 
have other inputs connected to a line 1225 which carries 
the CPU control signal Ml from the output of an in¬ 
verter 1226 whose input is connected by a resistor 1228 
to the CPU control signal Ml input 1230. 

The output of the NOR gate 1223 is connected to the 
input of a NOR gate 1232 which has an input connected 
to the output of the NOR gate 1234. The NOR gate 
1234 has an input connected to the Q output of the 
flip-flop 1186 into the Q output of the flip-flop 1200 and 
an input connected to a line 1236 which is connected to 
the output of an inverter 1238. 

The output of the inverter 1226 is connected to the 
input of a NOR gate 1240 whose output is connected to 
a NOR gate 1242. The NOR gate 1242 has an other 
input connected to the CPU control signal lORQ input 
pad 1244. The output of the NOR gate 1242 is con¬ 
nected by a buffer 1246 to the input of the inverter 1238. 

The output of the NOR gate 1232 is connected by an 
inverter 1248 to the reset input of the flip-flop 1184. The 
output of the NOR gate 1224 is connected to the input 
of a flip-flop 1250 which has an input connected to the 
output of a NOR gate 1252. The NOR gate 1252 has an 
input connected to the output of the flip-flop 1200 
and an input connected to the line 1236. 

The output of the bit 1158a of the interrupt mode and 
enable register 1158 (which is the mode bit for the light 
pen interrupt) is connected to the input of the NOR gate 
1223. The Q output of the flip-flop 1158c (which is the 
mode bit for the screen interrupt) is connected to an 
input of the NOR gate 1224. 

The output of the AND gate 1188 is a logical 1 when 
the light pen interrupt enable bit 1158A and the output of 
the flip-flop 1192 from the decoder 1194 are logical 1. 
The flip-flop 1192 is set to 1 when the pixels being dis¬ 
played are defined by the display RAM, i.e., they are 
not background pixels. A logical 1 output of the AND 
gate 1188 causes the NOR gate 1190 to output a logical 
0 causing the NOR gate 1196 to output a logical 1 
which is presented to the D input of the flip-flop 1184. 

The LIGHT PEN signal on line 1178 goes low when 
the raster scan crosses the point where the light pen is 
located causing the output of the NOR gate 1182 to go 
high which clocks the flip-flop 1184 to a logical 1 when 
the D input is a 1 which is a function of the light pen 
enable bit 1158A. The flip-flop 1186 will also be clocked 
to a logical 1. Since the output of the flip-flop 1184 is a 
logical 1, the output of the NOR gate 1208 is a logical 0 
causing the output line 1212 and line 1214 to subse¬ 
quently become a logical 1. This in turn causes the 
output line 1218 to beco me a logical 0 which is the CPU 
interrupt control signal INT for interrupts. 
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The logical 1 state on the line 1214 subsequently 
causes the flip-flop 1222 to assume a logical 1 state and 
the Q output to assume a logical 0. With t^ light pen 
mode bit 1158a at a logical 0 (mode 0) the Q output of 
the bit 1158a is a logical 1 which causes the output of 5 
the NOR gate 1223 to be a logical 0 and thus the output 
of the NOR gate 1232 depends upon the output of the 
NOR gate 1234. The flip-flop 1193 is set when the line 
number contained in the interrupt line register equals 
the current line number as indicated by the line counter 10 
(which initiates a screen interrupt). For purposes of 
illustration, it will be assumed that this condition is not 
true and that the output of the flip-flop 1198 which is 
connected to an input of the NOR gate 1234 is a logical 
0. The state of the input line 1236 to the NOR gate 1234 15 
is a logical 0 when the CPU acknowledges an interrupt. 
Thus, if the interrupt is acknowledged, all of the inputs 
of the NOR gate 1224 are a logical 0 and the output is 
a logical 1 causing the output of the NOR gate 1232 to 
be a logical 0. This output is inverted by the inverter 20 
1243 which causes the flip-flop 1184 to be reset which 
causes the interrupt signal INT on output line 1218 to 
return to a logical 1 state. 

If the interrupt has not been acknowledged, the state 
of the input line 1236 is a logical 1 causing the output of 25 
the NOR gate 1234 to be a logical 0, the output of the 
NOR gate 1232 to be a logical 1, and the output of the 
inverter 1248 to be a logical 0 and the flip-fl op 1184 will 
not be reset. Thus, the interrupt signal INT will remain 
a logical 0 and the CPU will continue to be interrupted 30 
until it acknowledges the interrupt since the light pen 
interrupt is in mode 0. 

If the light pen mode bit 1158a contained a logical 1 
(mode 1) the Q output of bit 1158a is a logical 0. Since 
the Q output of the flip-flop 1222 is a logical 0, when the 35 
Ml signal also goes low (after the next instruction has 
been fetched) the output of the NOR gate 1223 will 
become a logical 1 causing the output of the NOR gate 
1232 to be a logical 0 and the output of the inverter 1248 
to be a logical 1 which resets the flip-flop 1184. When 40 
this flip-flop is reset, the interrupt signal INT returns to 
a logical 1. Thus, the CPU must acknowledge the inter¬ 
rupt upon the next instruction if at all, in Mode 1. 

The output of the screen interrupt enable bit 1158af is 
the D input of the flip-flop 1198 which is clocked by the 45 
output of the flip-flop 1142. As noted before, the flip- 
flop 1142 is set when the line number being displayed as 
indicated by the line counter 1138 reaches the line num¬ 
ber stored in the interrupt line register 1136 which initi¬ 
ates a screen interrupt when enabled. If the enable bit 50 
1158r/ contains a 1, the flip-flop 1198 will be clocked to 
1 when the flip-flop 1142 is set. Otherwise, it will re¬ 
main 0 since its D input is 0. 

Since the output of the flip-flop 1198 is also con¬ 
nected to an input of the NOR gate 1208, whe n the 55 
flip-flop 1198 is set, the interrupt control signal INT 
subsequently goes low indicating an interrupt just as for 
the light pen interrupt. Modes 0 and 1 for the screen 
interrupt are indicated by the bit 1158c also operate in a 
manner similar to that for the light pen interrupt. 60 

Thus, the flip-flop 1222 subsequently assumes a logi¬ 
cal 1 state when the INT signal is activated due to a 
screen interrupt as well. With the scr^n interrupt mode 
bit 1158c at a logical 0 (mode 0), the Q output of the bit 
1158c is a logical 1 which causes the output of the NOR 65 
gate 1224 to be a logical 0 and thus the output of the 
NOR gate 1250 depends upon the output of the NOR 
gate 1252. 
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The Q output of the flip-flop 1200 is set to 1 (after 
being clocked by Ml) when the flip-flop 1198 is set and 
thus the Q output of the flip-flop 1200 goes to 0. When 
the CPU acknowledges the interrupt (i.e., the state of 
the line 1236 becomes a 0) the output of the NOR gate 
1252 becomes a logical 1. This causes the output of the 
NOR gate 1250 to become a logical 0, the output of the 
inverter 1251 to become a logical 1 and the flip-flop 
1198 to reset. This in turn deactivates the interrupt 
signal INT. 

Had the screen interrupt mode bit 1158c been set to 1 
(i.e., mode 1), the output of the NOR gate 1224 would 
go to 1 when the CPU signal Ml goes to 0 (i.e., after the 
next instruction). This causes the output of the NOR 
gate 1250 to become a logical 0, the output of the in¬ 
verter 1251 to become a logical 1 and the flip-flop 1198 
to be reset. Thus, the interrupt will be discarded if not 
acknowledged by the next instruction in mode 1. 

The input feedback register is indicated at 1156 and 
comprises 8 bits 1156a-/i (with bit 1156a typical of bits 
115fo-ci shown in greater detail in FIG. 68 and bit 1156c 
typical of bits 1156c-A shown in greater detail in FIG. 
69). The D input and Q output of each bit of the inter¬ 
rupt feedback register 1156 is connected to the data bus 
66fe The interrupt feedback register 1156 has an input 
connected to the register select line 1024 from the ad¬ 
dress decoder 1008 by which the CPU may address the 
interrupt feedback register and store interrupt data in 
the register. Each bit also has a latch enable input con¬ 
nected to the line 1236 which goes low when the CPU 
acknowledges the interrupt. Thus, when the CPU ac¬ 
knowledges an interrupt, the data contained within the 
interrupt feedback register 1156 is conducted to the data 
bus 66h and transmitted to the CPU. The bits 1156a-ii 
have a reset input connected by a line 1260 through the 
Q output of the flip-flop 1200. 

When the flip-flop 1200 contains a logical 1 indicating 
a screen interrupt, the Q output is a logical 0 and the 
data stored in the bits 1156a-A by the CPU is conducted 
back to the CPU on the data bus 66 unmodified when 
the CPU acknowledges the interrupt. Since the data is 
unmodified, it indicates to the CPU that the interrupt 
was a screen interrupt. However, if the flip-flop 1200 
contains a logical 0, the Q output is a logical 1 which 
causes the bits \\S6a-d to all conduct O’s onto the data 
bus 66 in response to an interrupt acknowledge signal 
indicating a light pen interrupt. The bits 1156e-A are 
conducted unmodified. Since the flip-flop 1200 is set by 
the occurrence of a screen interrupt, screen interrupts 
have priority over light pen interrupts. 

The output of the line counter 1138 is shown in FIG. 
44 to be also connected to a comparator 1262 which 
also has inputs from a vertical blank register 1264. The 
vertical blank register 1264 contains the line number at 
which pixel data from the display RAM is no longer 
used to define the pixels displayed on the screen and has 
the same address as the vertical blank register of the 
data chip but is utilized for a different purpose. When 
the line counter 1138 reaches the line number contained 
within the vertical blank register 1264, the comparator 
1262 outputs a signal which is used by a memory cycle 
generator 1266 to activate a memory refresh cycle. 

The memory cycle generator controls memory cy¬ 
cles generated by either CPU initiated reads or scan 
address generator read operations. The ge n ^^or input s 
include the CPU control signals MREQ, RD, lORQ, 
Ml and RFSH, and address bits A12-A15 which are 
transmitted directly from the CPU. The RAS0-RAS3 
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outputs are generated by the memory cycle generator 
1266 and are used to activate memory cycles. In the low 
resolution mode, only RASO is used to one bank of 
RAM (4K by 8). In the high resolution mode, all four 
RAS signals are used to control four banks of RAM 5 
(16k X 8). Two other signals generated are WRCTL and 
LTCH DO wh ich are control signals to the data chip. 
Also, a WAIT signal is generated to initiate a wait state 
in the CPU. 

The vertical blank register is indicated at 1264 in 10 
FIG. 45 and comprises 8 bits lIMa-h (with each bit 
logically similar to that shown in FIG. 50). The vertical 
blank register 1264 has a register select line 1016 at 
which the CPU may address the vertical blank register 
and input data from the data bus 666 which is the line 15 
number at which “blanking” occurs. The Q and Q out¬ 
put of each bit of the vertical blank register 1264 is 
connected to the comparator indicated generally at 
1262 which comprises a programmed logic array 1268 
which includes a plurality of pull-down transistors 1269 20 
and pull-up transistors 1270 and a plurality of NOR 
gates 1271. The comparator 1262 also has inputs con¬ 
nected to the output of the line counter 1138 as previ¬ 
ously mentioned. 

The output of the comparator 1262 is connected to 25 
the D input of a flip-flop 1272 (shown in greater detail 
in FIG. 64) which has a reset input connected to the 
output of a flip-flop 1300 (shown in greater detail in 
FIG. 58) which has an input connected to the most 
signiHcant bit 11386 circuit of the line counter 1138. 30 
The Q output of the flip-flop 1272 is connected by a line 
1274 to an input of the memory cycle generator indi¬ 
cated generally at 1266. 

The memory cycle generator comprises a PLA 1275, 
which includes pull-down transistors 1276 and pull-up 35 
transistors 1278, and a J-K flip-flop 1280 (shown in 
greater detail in FIG. 70). The generator 1266 further 
comprises J-K flip-flops 1282a-g (each of which is logi¬ 
cally similar to that shown in greater detail in FIG. 66) 
and bits 4 and 5 of a function generator register (each of 40 
which is logically similar to that shown in FIG. 50) 
having the same address as the function generator regis¬ 
ter of the data chip. 

A RAS signal is generat ed for d isplay RAM accesses 
and thus is the function of MREQ, and VIDNXT2 and 45 
the address bits A12, A13 and A15 (to determine 
whether t he me mory access concerns the display 
RAM). A WAIT signal is generated to initiate a wait 
state in the CPU for all input and output operations 
(lORQ) to compensate for any delay due to the micro- 50 
cycler since the CPU address bus and data bus “time 
share” the microcycle data bus. Wait states are similarly 
initiated for CPU read and write operations (for data 
and instructions). Two wait states from and to the dis¬ 
play RAM are generated if the CPU is executing in- 55 
structions in the display RAM. 

An additional wait state is initiated if the CPU and the 
video processor at tempt t o access the display RAM at 
the same time. A WAIT signal is transmitted to the 
CPU when VIDNXT2 is active (indicating the next 60 
memory access cycle is to be a video cycle) and the 
CPU also requests the display RAM (MREQ). 
LTCHDO becomes active when data being read from 
the display RAM is on the display RAM data bus. 
LTCHDO enables the OR/exclusive-OR circuit of the 65 
data chip to latch up the data on the memory data bus. 
WRCTL indicates that the present memory cycle is a 
write operation rather than a read. 


The relationship between the input signals MREQ, 
RD from the CPU and the clock signal <I> to the mem¬ 
ory cycle generator outputs WAIT, RAS, WRCTL and 
LTCHDO are shown for CPU read and write opera¬ 
tions to the display RAM with FIGS. 12A and D illus¬ 
trating write operations and FIGS. 12B and C, read 
operations. FIGS. 12C and D illustrate the extra wait 
state generated when a CPU read or write conflicts 
with a video cycle by the video processor. The shaded 
areas of the MA0-MA5 lines are determined by the 
address bits MA0-MA5. 

The relationship between the inputs of CPU control 
signals lORQ, RD and the clock signal <t> and the mem¬ 
ory cycle output WAIT is shown for input/output read 
operations in FIGS. 12E and G and input/output write 
operations in FIG. 12F. FIG. 12E illustrates an I/O 
read from the switch matrix ports 10H-17H and FIG. 
12G illustrates I/O reads from the other ports. 

The RASO output of the address chip is shown in 
FIG. IOC to be connected to the D input of a flip-flop 
956 of the logic elements 954, whose Q output carries 
the CS/RAS (chip select and row address strobe) signal 
for the display RAM 42 and is connected to the RAM 
control signal bus 958. The clear input of the flip-flop 
956 is connected to the output of a NAND gate 960 
having inputs connected to the Q output of the flip-flop 
956, the clock signal <1* from the buffer 100 and the Q 
output of a flip-flop 962. 

The D input of the flip-flop 962 is connected to the 
clock signal <I> and the Q output is connected to the 
clock input of the flip-flop M6. The flip-flop 962 is 
clocked by the clock signal PX. The flip-flop 956 oper¬ 
ates to i nvert the signal RASO and to delay it to produce 
the CS/RAS signal at its Q outpm^the delay being a 
function of the clock signal <1> and PX inputs to the logic 
elemen ts 954. 

The DATEN output of the data chip 54 is connected 
to the input of a NOR gate 964 having a grounded input 
and an output connected to the enable input of the tri¬ 
state drivers 966a-h connected to the DO output of the 
RAM chips 104a-6, respectively. The output of the 
drivers are connected to the memory data bus 102. 

The output of the NOR gate 964 is connected to the 
input of a NAND gate 968 whose output is connected 
to the control signal bus 958 and carries the write enable 
signal, WE. The other input of the NAND gate 968 is 
connected to the Q output of a flip-flop 970 whose D 
input is connected to the Q output of the flip-flop 962. 
The Q output of the flip-flop 970 is connected to the 
control signa l bus 958 and carries the column address 
strobe (CAS) signal. The flip-flop 970 is clocked by the 
output of a flip-flop 972 which is enabled by the PX and 
PX cloc k signals. 

When DATEN goes low, the output of the NOR 
gate 964 goes high which turns off the drivers 966a-A. 
Subsequently, when the clock signal from the Q output 
of the flip-flop 970 goes high, the output of the NAND 
gate 968 goes low which enables the RAM’s I04a-h to 
have data written in them. 

I/O CHIP 

As noted before, the control handles I2a-d and the 
keypad 18 (FIG. 2) are connected to the I/O chip 50 
and provide signals in response to manipulation by the 
players or operators to the I/O chip. The CPU 46 of the 
digital computer 44 receives the keypad and control 
handle input signals from the I/O chip 50 in the digital 
form. The I/O chip has a music processor which pro- 
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vides audio signals to RF modulator 58 in response to 
output data signals from the computer to play melodies 
or generate noise through the TV 28. 

The interconnection of the I/O chip 50 within the 
system is shown in FIG. IOC. The I/O chip has inputs 
MXD0-MXD7 conne cted to the microcycle data bus 
66 and inputs RD and lORQ for the CPU control sig¬ 
nals READ and INPUT/OUTPUT REQUEST^ re¬ 
spectively and inputs for the clock signals and 

Outputs POTO-POTl are each operatively con¬ 
nected to one of the potentiometers of the player con¬ 
trol handles 12a-d. A signal transmitted to one of the 
potentiometers results in a signal returned to input 
MONOS which will be more fully explained later. Out¬ 
puts SO0-SO7 are selectively coupled to the keys and 
switches of the keypad 18 and player control handles 
12a-d of the switch matrix shown in FIG. 8. Activation 
of one of the outputs SO0-SO7 results in signals being 
received at the switch inputs SI0-SI7 also to be more 
fully explained later. The I/O chip has power supply 
inputs VDD, VGG and VSS connected to -1-5 v, -t-10 
V and ground, respectively, a TEST input connected to 
the -t- 5 v supply and a RESET input connected to the 
extension plug 77. 

The CPU communicates with the I/O chip shown in 
block diagram in FIGS. 71A-C, through input and 
output instructions. Each input or output instruction 
has an address at which data is to be inputted from or 
outputted to. This address is transmitted to the input- 
/output chip 50 (FIG. 71A) via the microcycle data bus 
66, tri-state buffer 1400, and I/O data bus 66c to a mi¬ 
crocycle decoder 1402 which assembles the address in a 
manner similar to that described for the microcycle 
decoder of the data chip. The microcycle decoder 1402 
assembles the 11 bit address, AO-AIO, which is decoded 
by an address decoder 1404. The address decoder 1404 
has an input for the INPUT control signal and input for 
the OUTPUT control signal which are activated in 
conjunction with an input or an output instruction, 
respectively. The address decoder 1404 decodes the 
address from the microcycle decoder 1402 and activates 
one of the select lines 1406-1415 with select lines 1406 
comprising eight select lines SO0-SO7. The particular 
select line activated depends upon the address transmit¬ 
ted to the address decoder 1404 and the state of the 
INPUT and OUTPUT control signals. 

The select lines SO0-SO7 have addresses 10-17H and 
are activated with an input instruction. When one of 
these lines is activated, the switch matrix (shown in 
FIG. 8) will feedback the associated 8 bits of data on an 
input bus, SI0-SI7 indicated at 1418 to a multiplexer 
1420 which will gate the data to a data bus 66d which is 
connected to the microcycle data bus 66 by the tri-state 
buffer 1400. Thus for example, if an input instruction 
transmits the address 12H to the address decoder 1404, 
the select line S04 will be activated which will cause 
the keypad data indicated at 1422 (FIG. 8) of the switch 
matrix to be conducted to the microcycle data bus on 
the input data bus 1418. 

The select lines 1407-1414 are output register select 
lines. These lines are activated with the concurrence of 
the OUTPUT control signal (which is activated by an 
output instruction) and the associated address (Table II) 
of a master oscillator, tone A frequency, tone B fre¬ 
quency, tone C frequency, vibrato and noise volume 
registers. In addition are the tone C volume, noise mod¬ 
ulation, and MUX output registers and tone A and tone 
B volume output registers. These output registers are 
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part of the music processor in which the CPU loads 
data with output instructions. This data determines the 
characteristics of the audio signal that is generated. 

The CPU can read the positions of the four potenti- 
5 ometers 17 of the four player control handles i2a-d 
(FIG. 1) through an analog-digital converter circuit 
indicated generally at 1422. The potentiometers are 
continuously scanned by the analog-digital (A-D) con¬ 
verter circuit and the digital results of the conversion 
10 are stored in the pot 0-3 registers 1424. The CPU reads 
these registers with input instructions. 

The CPU can address the registers 1424 by transmit¬ 
ting the address of one of the registers to the address 
decoder 1404 which activates the select line 1415. A 
15 potentiometer (or pot) register address decoder 1426 
has an input for the select line 1415 as well as the ad- 
I dress bits AO and Al. The pot register address decoder 
1426 decodes these inputs to select one of the four regis¬ 
ters, pot O-pot 3. A selected register feeds back all O’s 
20 when the corresponding potentiometer is turned fully 
counterclockwise and all I’s when turned fully clock¬ 
wise. 

The output of a 2-bit “scan” counter 1428 is con¬ 
nected to the inputs of a scan decoder 1430 which has a 
25 4-bit output line 1432 indicated as POT 0-3 and 4 regis¬ 
ter select lines connected to the pot 0-3 registers 1424. 
Each line of the POT 0-3 lines 1432 is operatively con¬ 
nected to an associated potentiometer. Thus, for exam¬ 
ple, the POT 0 line of the line 1432 is shown connected 
30 to the associated potentiometer 17 of the player control 
handle 12a in FIG. 72. The potentiometer is connected 
to a capacitor 1436 having an output line 1438 which 
carries the analog signal MONOS. 

Referring back to FIG. 71A, a comparator 1440 has 
35 an input for the analog signal MONOS which is com¬ 
pared to a reference signal REF. The output of the 
comparator 1440 is connected to a counter 1442 which 
counts until the voltage signal MONOS across the ca¬ 
pacitor 1436 reaches the reference REF. 

40 The scan decoder 1430 decodes the output of the scan 
counter 1428 to sequentially activate the POT 0, POT 1, 
POT 2 and POT 3 lines of the lines 1432. Thus, when 
the POT 0 line is activated, the capacitor 1436 shown in 
FIG. 72 will begin to charge and the MONOS analog 
45 signal will begin rising. As the MONOS signal rises, the 
counter 1442 continues counting until the MONOS 
signal reaches the RAF signal. At that point, the 
counter 1442 stops. The rate at which the capacitor 
charges is related to the setting of the associated poten- 
50 tiometer. Thus the count that the counter 1442 reaches 
is determined by the potentiometer setting. 

Synchronously with the sequential activation of the 
output lines 1432, the register select lines 1434 are acti¬ 
vated such that the pot 0 register is selected to input the 
55 output of the counter 1442 after the POT 0 line is acti¬ 
vated and the output of the counter 1442 is determined 
by the setting of the potentiometer of the control handle 
12a. Next, the pot 1 register is selected to input the 
digital data representing the setting of the potentiome- 
60 ter of the control handle 126, etc. 

The CPU may then input this data by sending the 
corresponding addresses of the potentiometer registers 
1424 (Table II) to the address decoder 1404 and pot 
register address decoder 1426. Each of the pot 0-3 reg- 
65 isters 1424 are connected to the multiplexer 1420 by an 
8 bit output line 1444. The multiplexer 1420 has an input 
for the line 1415 such that when an address correspond¬ 
ing to one of the pot 0-3 registers 1424 is sent by the 
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CPU to input the data contained by the registers 1424, 1555 is activated by addresses 10H-17H (the switch 

the multiplexer 1420 selects the 8 bits of data on the line matrix input ports) and the line 1557 is activated by 

1444 from the registers 1424 and conducts them to the addresses ICH-IFH (the potentiometer input registers), 

date bus The activation of either line allows the tri-state buffer 

The I/O chip is shown in greater detail in FIGS. 5 1400 to transmit the data from the switch matrix or the 
73A-M with a composite diagram of FIGS. 73A-M potentiometer registers to the microcycle data bus 66. 
shown in greater detail in FIG. 74. The microcycle The scan counter is indicated generally at 1428 in 
decoder is indicated generally at 1402 in FIG. 73 and FIG. 73 and comprises a 2-bit counter (with the least 

comprises 11 bit circuits 1402ui-^ for the address bits significant bit 1428o shown in greater detail in FIG. 80). 

Respectively, (with the decoder bit circuit 10 The inputs of the counter 1428 are connected to the 
■ shown in greater detail output of a flip-flop 1452, the output of which is con- 

in FIG. 75). The low address bits A0-A7 are loaded by nected to an input line 1454 which carries the clock 

the bit circuits 1402fl-A of the microcycle decoder 1402 signal. The output of the scan counter 1428 is connected 

on the control signal LDLl, with the high address bits to the scan decoder indicated generally at 1430 which 

O" control signal LDHl in a man- 15 comprises a PLA having four output lines 1432 and four 
ner similar to that for the microcycle decoders of the output lines 1434. 

address and data chips. The output lines 1432 are connected to the POT 0, 

's 'ndicated generally at 1404 in POT 1, POT 2 and POT 3 output pins of the I/O chip, 
FIG. and comprises a PLA just as for the address and respectively, by a buffer 1456 (shown in greater detail in 

data chips. The address decoder 1404 decodes the ad- 20 FIG. 81). Each of the output lines 1434 of the PLA of 
dress bits from the microcycle decoder 1402 and acti- the decoder 1430 are connected to a register select input 

v^es one of the switch matrix input port select lines 4 of each bit of a register of the pot 0-3 registers 1424 

SO0-SO7 indicated at 1406, (each of which is the out- As the counter 1428 cycles through its 4 output states 

put of a driver 1704, shown in greater detail in FIG. 76) (as it is a 2-bit counter) the POT 0-3 lines of the output 

If the corresjwndi^ddress is present as well as the 25 lines 1432 are sequentially activated. As each output 
contrcM Signal INPUT on line 1446. Similarly, the ad- line is activated, a capacitor operatively connected to 

dress bits can be decoded to activate the associated the potentiometer associated with that particular output 

music processor outp ut port^lec t lines 1407-1414 if the line charges at a rate as determined by the setting of the 

output control signal OUTPUT on line 1448 is active. potentiometer. The output of each capacitor is opera- 

All the music processor registers can be loaded with 30 lively connected to the MONOS input 1658 of the I/O 

OTIR instruction. The contents of register C chip which is connected by a resistor 1660 to the input 

should be sent to output port address 18H, register B to of the comparator 1440. The comparator 1440 has an- 

8H and HL should point to the 8 bytes of data. The other input connected to the Junction of a voltage di¬ 
output lines 1451 are sequentially activated such that vider 1662 which generates the voltage reference signal 

the register select lines 1414-1407 are sequentially acti- 35 REF. 

vated wth the data pointed to by HL going to output The output of the comparator 1440 is connected to 
port 17H (noise volume register) and the next 7 bytes the input of a plurality of logic elements indicated at 
go^ to output ports 16H-10H. 1664 which includes gates 1666-1669, with gate 1666, 

The pot register input select line 1415 of the address typical of gates 1666-1669 (shown in greater detail in 
d^oder 1404 is also indicated. The switch input lines 40 FIG. 82), Also included are gates 1670-1672 (with gates 
SI0-SI7 are indicated generally at 1418 and are opera- 1670 and 1672 shown in greater detail in FIG. 83.) (The 
lively connected to the multiplexer indicated generally gate 1671 is also logically similar to that shown in FIG 

at 1420. The gates of the transistor switches which 83, but VDD and VSS are interchanged.) 

comprise the multiplexer 1420 are connected to the The output 4 of the gate 1666 is connected to a stop 
output of an inverter 1450 whose input is connected to 45 input 6 of each bit of the counter indicated generally at 
the line 1415. When the logic state of the line 1415 is a 1442 (with bit 1442a typical of the bits of the counter 
logical 1, the pot 0-3 registers 1424 are selected causing 1442 shown in greater detail in FIG. 84). The counter 
output of the inverter 1450 to be a logical 0 which turns 1442 is clocked by a 2-bit counter 1678 (with bit 0 or 

off the transistor switches of the multiplexer 1420 1678fl, and bit 1, or 16786, shown in greater detail in 

SI0-SI7 inputs. 50 FIGS. 85 and 86, respectively, and buffer 1679 shown in 

The pot 0-3 registers are indicated generally at 1424 greater detail in FIG. 87). The counter 1678 has an 
(with the least significant bit 1424a of the pot 0 register input for the clock signal from a buffer 1681 (also 

typical of the bits of the registers 1424, shown in greater shown in greater detail in FIG. 87.) The output of the 

detail in FIG. 77.) The output of each of the potentiom- counter 1678 at the buffer 1568 is the clock signal d) 

eter registers 1424 is connected by the 8-bit output line 55 divided by four. The counter 1442 counts until the 
1444 to the output of the associated transistor switches MONOS signal reaches that of the REF reference sig- 

of the multiplexer 1420. The output of the switches of nal such that the count contained within the counter 

the multiplexer 1420 are also connected to the 2 input of 1442 is proportional to the potentiometer setting of the 
I buffer indicated generally at 1400 (with unit potentiometer associated with the particular output line 

1400a, typical of the 8 units of the tri-state buffer 1400 60 of the output lines 1432. 

shown in greater detail in FIG. 78) by the I/O chip data Synchronously with the activation of the output lines 
bus 66d. The input/output terminal 3 of each unit of the 1432, the pot register select lines 1434 are sequentially 

tn-state buffer 1400 is connected to the microcycle data enabled such that pot 0 of the registers 1424 is selected 

enabled to latch up the data output of the counter 
The 1 input of each buffer unit is connected to the 65 1442 when the counter 1442 indicates the positional 
output of an inverting gate 1553 (shown in greater detail setting of the potentiometer (“pot 0”) associated with 

in FIG. 79) which has an input line 1555 and an input control handle \2a, etc. Accordingly, the output of 

line 1557, both from the address decoder 1404. The line each bit of the counter 1442 is connected by the logic 
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gates indicated generally at 1468 to the 1 input of a bit 
of each register of the potentiometer registers 1424. 

When a particular pot line of the POTO-POT3 lines 
1432 is activated, the associated capacitor begins charg¬ 
ing until the MONOS signal on the line 1658 reaches the 
REF voltage as determined by the comparator 1440. 
One delay later (gate 1666), the counter 1442 is stopped. 
If lORQ is not active, one delay later (gate 1667) the 
output lines 1434 of the scan decoder are enabled so that 
one of the pot registers 1424, corresponding to the 
count of the scan counter 1430, can latch up the count 
output of the counter 1442. One delay later (gate 1671), 
the output lines 1432 are turned off. Also one delay after 
gate 1667 (gate 1668), the scan counter is incremented 
and the counter 1442 is reset. 

One delay later (gate 1670), a DISCHARGE signal 
on a line 1674 (which is the output of a buffer 1676 
shown in greater detail in FIG. 88) discharges the ca¬ 
pacitor. When the counter 1442 reaches 64, one delay 
later (gate 1670) the DISCHARGE signal is turned off. 
Two delays (gates 1669 and 1671) after the counter 1442 
reaches 64, the POTO-POT3 lines 1432 are enabled so 
that the particular pot line of the lines 1432 correspond¬ 
ing to the incremented count of the scan counter 1428 is 
activated to start the cycle all over. 

The pot register address decoder is indicated gener¬ 
ally at 1426 in FIG. 73 and comprises a PLA having an 
input line 1415 from the address decoder 1404 and input 
lines 1469 and 1471 for the address bits AO and Al, 
respectively. The CPU can read the contents of any 
particular potentiometer register 1424 by transmitting 
the appropriate address to the address decoder which 
activates the line 1415. The address bits AO and Al 
come directly from the microcycle decoder 1402 and 
determine which o f the 4 regi sters, pot 0-3, is selected. 

The INPUT and OUTPUT control signals are gener¬ 
ated on the output lines 1446 and 1448, respectively, of 
a generator indicated generally at 1680 and includes 
gates 1682-1686 (and are logically similar to that shown 
in FIG. 89). Also included is counter bit 1688 (shown in 
greater detail in FIG. 86), 

MUSIC PROCESSOR 

A block diagram of the music processor of the I/O 
chip is shown in FIG. 71B and C. The music processor 
can be divided into two sections. The first section 
(shown in FIG. 71B) generates a master oscillator fre¬ 
quency and the second section (shown in FIG. 71C) 
uses the master oscillator frequency to generate tone 
frequencies and the analog AUDIO output. 

The frequency of the master oscillator is determined 
by the contents of several output registers. The contents 
of all registers in the music processor are set by output 
instructions from the CPU. 

The master oscillator frequency is a square wave 
whose frequency is determined by 8 binary inputs to a 
master oscillator 1470 and a clock signal. This 8 bit 
input word is the sum of the contents of a master oscilla¬ 
tor register 1472 (having address lOH which activates 
the register select line 1407) and the output of a multi¬ 
plexer 1474. The multiplexer 1474 is controlled by the 
output of a one bit multiplexer register 1476 (having 
address 15H which activates the register select line 
1412). The addition of the contents of the master oscilla¬ 
tor register 1472 and the output of the multiplexer 1474 
is performed by an 8 bit adder 1478 which has an 8 bit 
output connected to the master oscillator 1470. 
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If the multiplexer register 1476 contains a logical 0, 
then the data from a “vibrato” system, indicated gener¬ 
ally at 1480, will be conducted through the multiplexer 
1474. The 2 bits from a 2-bit vibrato frequency register 
5 1482 (having address 14H) determine the frequency of 
the square wave output of a low frequency oscillator 
1484. The output of the low frequency oscillator 1484 is 
operatively connected to the input of a set of logic gates 
1486 represented by an AND gate. The vibrato system 
10 1480 further comprises a 6-bit vibrato register 1488 (also 
having address 14H) which is operatively connected by 
a 6 bit output line to the “ANI3" gate 1486. The 6-bit 
word at the output of the AND gate oscillates between 
0 and the contents of the vibrato register 1488 since the 
!5 contents of the vibrato register 1488 are being 
“ANDed” with the output of the low frequency oscilla¬ 
tor 1484, with the frequency of oscillation determined 
by the contents of the vibrato frequency register 1482. 
The 6-bit output word of the AND gate 1486, along 
20 with 2 logical 0 bits (when the MUX register 1476 con¬ 
tains a logical 0) are conducted through the multiplexer 
1474 to the 8 bit adder 1478 to be added to the contents 
of the master oscillator register. This causes the master 
oscillator frequency to be modulated between two vai- 
25 ues since the frequency is a function of alternatively the 
contents of the master oscillator register and the sum of 
the contents of the master oscillator register and the 
output of AND gates 1486 thus giving a vibrato effect. 

If the multiplexer register 1476 contains a logical 1, 
30 the data from a “noise” system, indicated generally at 
1490, will be conducted through the multiplexer 1474 to 
the 8-bit adder 1478. An 8-bit “noise volume” register 
1492 is operatively connected to the input of a set of 
gates 1494 also represented by an AND gate. An 8-bit 
35 noise generator 1496 is also operatively connected to 
the inputs of the “AND” gate 1494. The output of the 
noise generator is an 8-bit word that constantly varies. 
The gate 1494 functions as 8 AND gates so that each 
output bit of the noise volume register 1492 is ANDed 
40 with an output bit of the noise generator 1496. Thus the 
8 bit output word from the noise volume register deter¬ 
mines which bits from the noise generator will be pres¬ 
ent at the output of the gates 1494. Accordingly, if a bit 
in the noise volume register 1492 is 0, the corresponding 
45 bit at the output of the gates 1494 will also be 0. If a bit 
in the noise volume register is 1, the corresponding bit 
at the output of the AND gate will be a noise bit from 
the noise generator. This 8 bit word from the gates 1494 
is conducted through the multiplexer 1474 (when the 
50 multiplexer register 1476 contains a 1) to the 8-bit adder 
1478. Thus, the master oscillator frequency can be mod¬ 
ulated by noise. Modulation can be completely disabled 
by setting the noise volume register 1492 to 0 if noise 
modulation is being used, or by setting the vibrato regis- 
55 ter 1488 to 0 when vibrato is used. 

In the second part of the music processor shown in 
FIG. 71C, the square wave from the master oscillator 
on the output line 1498 of the master oscillator 1470 
(FIG. 7 IB) is conducted to the clock input of 3 tone 
60 generator circuits, tone generators A, B, and C indi¬ 
cated at 1500, 1502 and 1504, respectively, which pro¬ 
duce square waves at their outputs. The frequency of 
the outputs of each tone generator is determined by the 
contents of an associated tone generator register and the 
65 master oscillator frequency. Accordingly, a tone gener¬ 
ator “A” register 1506 is connected to the input of the 
tone generator A, a tone generator “B” register 1508 is 
connected to the input of the tone generator B and a 
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tone generator “C” register 1510 is connected to the 
inputs of the tone generator C. 

The output of the tone generator A which carries the 
square wave output is operatively connected to the 
inputs of a set of gates indicated at 1512 which function ^ 
as 4 AND gates, with the other 4 inputs of the “AND” 
gates 1512 operatively connected to the outputs of a 
tone volume “A” register 1514. The 4-bit output word 
of the AND gate 1512 oscillates between 0 and the 
contents of the tone volume “A” register 1514 at the 
frequency of the output of the tone generator A. 

Similarly, the output of the tone generator B is opera¬ 
tively connected to the inputs of 4 “AND” gates indi¬ 
cated at 1516 with the other 4 inputs operatively con- 
nected to the outputs of a 4-bit tone volume “B” register 
1518 and the output of the tone generator C operatively 
connected to the inputs of 4 “AND” gates 1520 with the 
other 4 inputs of the AND gates 1520 operatively con¬ 
nected to the outputs of a 4 bit tone volume “C” register 20 
1522. The four-bit output of each set of AND gates 
oscillates between 0 and the contents of the associated 
tone volume register. 

The output of the AND gates 1512 is operatively 
connected to a digital-analog converter 1524 whose 25 
output oscillates between ground and a positive analog 
voltage determined by the contents of the tone volume 
“A” register 1514 at a frequency determined by the tone 
generator A. Similarly, the output of the AND gates 
1516 are operatively connected to a digital-analog con- ^ 
verier 1526 and the outputs of the AND gates 1520 are 
operatively connected to a digital-analog converter 
1528. 

A 4th tone generator comprises a set of gates indi- 35 
cated at 1530 which function as 4 AND gates which 
each have an input operatively connected to a line 1532 
which carries a bit from the noise generator 1496 (FIG. 
71B). The output of this bit of the noise generator 1496 
is a square wave having a constantly varying frequency. 40 
The input 1532 is ANDed with 4 volume bits on lines 
1534 from the noise volume register 1492 (FIG. 71B). 
The set of AND gates 1530 operate the same way as the 
AND gates for the tones A-C, except that a noise mod¬ 
ulation register 1536 (having address 15H which acti- 45 
vates register select line 1412) must contain a logical 1 
for the outputs of the AND gate 1530 to oscillate. 

The outputs of the AND gates 1530 are operatively 
connected to a digital-analog converter 1538. The ana¬ 
log outputs of the 4 D-A converters 1524, 1526, 1528 
and 1538 are summed to produce a single audio output, 
AUDIO. This output is transmitted to the RF modula¬ 
tor 58 (FIG. 2). 

The master oscillator is indicated generally at 1470 in 
FIG. 73 and comprises a programmable counter which 
can count up to FFH from the number presented at its 
program input. The programmable counter includes 8 
units 1542a-A (with unit 1542a, typical of units 1542a-g, 
shown in greater detail in FIG. 90 and unit 1542A shown gQ 
in greater detail in FIG. 91) and a PLA indicated gener¬ 
ally at 1544. The units 1542o-/i have inputs 4 and 5 for 
the clock signal 4> from the buffer 1681. The frequency, 

Fm, of the master oscillator 1470 is a function of the 
contents of the master oscillator register and the clock 65 
signal and is given by the following formula (in the 
absence of any modulation by the vibrato system 1480 
or noise system 1490): 


_ 1 _ IfL, 

™ ~ (contents of Master Osc. Reg. 1472) + 1 

The master oscillator register is indicated generally at 
1472 and comprises 8 bits (with each bit circuit logically 
similar to that shown in FIG. 75), each having an input 
for the register select line 1407. The output of the mas¬ 
ter oscillator register 1472 is connected to the inputs of 
the 8-bit adder indicated at 1478 which comprises 8 bits 
1478a-/!. (Bit 1478/>, typical of bits 1478a-g is shown in 
greater detail in FIG. 92 with bit 1478/1 shown in 
greater detail in FIG. 93.) The outputs of the adder are 
connected to the program inputs 1 of the master oscilla¬ 
tor 1470. 

The other inputs of the 8-bit adder 1478 are con¬ 
nected to the outputs of the multiplexer indicated gener¬ 
ally at 1474. The output of the 8 bit adder 1478 is the 
sum of the contents of the master oscillator register 
1472 and the output of the multiplexer 1474, which 
determines the frequency of which the master oscillator 
1470 oscillates. 

The multiplexer 1474 is shown in FIG. 73 to comprise 
a plurality of transistor switches 1546 and 1547. The 
gates of switches 1547 are connected by an inverter 
1548 to an input line 1550 with the gates of the switches 
1546 connected to the output of the inverter 1548 by an 
inverter 1549. The input line 1550 is connected to the 
output of the multiplexer register 1476 which is bit 4 of 
the output register having address 15H shown in FIG. 
73 (with bit 4 shown in greater detail in FIG. 75). 

The “AND” gates 1486 are shown to comprise a 
plurality of NOR gates indicated at 1486 whose inputs 
are connected to the 6 outputs of the bits 1488a-/of the 
vibrato register 1488 (each bit being logically similar to 
that shown in FIG. 75). The vibrato register 1488 is the 
first 6 bits of the output register having the address 14H 
and the register select line 1411. The last 2 bits 1482a 
and b (also shown in greater detail in FIG. 75) comprise 
the vibrato frequency register 1482. The output of the 2 
bits 1482a and b are connected to the inputs of the low 
frequency oscillator indicated generally at 1484. 

The low frequency oscillator 1484 comprises a 4-to-l 
multiplexer in which the outputs from the vibrato fre¬ 
quency register 1482 are connected by a plurality of 
logic gates 1552 to the gates of four transistor switches 
1554 of the multiplexer. The inputs of the transistor 
switches 1554 are connected to the 4 most significant 
bits 1556a-rf of a counter comprising 13 bits 1556a-m. 
(The bit 1556a, typical of the bits lS56a-/, is shown in 
greater detail in FIG. 83 with the bit 1556m shown in 
greater detail in FIG. 85.) 

The output of the transistor switches 1554 are con¬ 
nected to one another and to the other inputs of the 
NOR gates 1486. The logic state of the bits of the vi¬ 
brato frequency register 1482 determine which of the 
outputs of the bits 1556a-d are selected which deter¬ 
mines the frequency of oscillation of the output of the 
low frequency oscillator 1484. The value 00 of the bits 
of the vibrato frequency register correspond to the 
lowest frequency and the value 11 corresponds to the 
highest. When the output of the low frequency oscilla¬ 
tor 1484 is a logical 1, the NOR gates 1486 are each a 
logical 0, otherwise the contents of the vibrato fre¬ 
quency register 1482 are inverted and conducted to the 
multiplexer 1474. In this manner, the contents of the 
vibrato register 1488 are "ANDed” (negative logic) by 
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the NOR gates 1486 with the output of the low fre¬ 
quency oscillator 1484. 

The set of "AND” gates 1494 are shown to comprise 
a plurality of NOR gates indicated at 1494 in FIG. 73. 
The noise generator comprises a number generator and 5 
is indicated generally at 1496. The number generator 
comprises a 15-bit shift register 1558 (with each bit 
logically similar to that shown in FIG. 94) and an exclu- 
sive-OR gate indicated at 1560. The inputs of the NOR 
gates 1494 are connected to the outputs of the 8 most ]o 
significant bits of the shift register 1558. The output of 
the two most significant bits are connected to the inputs 
of the exclusive-OR gate 1560 whose output is con¬ 
nected to the input of the least significant bit of the shift 
register 1558. The output of the 8 most significant bits of 
the shift register 1558 is a binary number that constantly 
changes with each clock signal to the shift register 1558. 
The other inputs of the NOR gates 1494 are connected 
to the outputs of noise volume register indicated at 1492 
(each bit being logically similar to that shown in FIG. 

75) and having an input connected to the register select 
line 1414. The shift register 1558 is clocked by a 4 bit 
counter 1559, having bits 1559a-(i and an input con¬ 
nected to the output of the buffer 1679 of the counter 
1678, which also provides the clock signal for counter 
1556 of the low frequency oscillator 1484. (The bit 
1559a is shown in greater detail in FIG. 85 with bit 
15596, typical of the bits lSS9b-d, shown in greater 
detail in FIG. 86.) 

If any particular bit of the noise volume register 1492 
is a logical 1, the output of the corresponding NOR gate 
of the NOR gates 1494 is a logical 0. Otherwise, the 
output of the corresponding NOR gate 1494 is the in¬ 
verse of the associated bit from the noise generator 
1496. In this manner, the output of the noise generator 
1496 is “ANDed” (negative logic) with the output of 
the 8 bits of the noise volume register 1492. The con¬ 
tents of the multiplexer register 1476 on line 1550 deter¬ 
mines whether the multiplexer 1474 conducts the out¬ 
put of the NOR gates l‘W6 from the vibrato system or 
the output of the NOR gates 1494 from the noise sys- 
tern, to be summed with the contents of the master 
oscillator register 1472 by the 8 bit adder 1478. 

The master oscillator 1470 further comprises a plural¬ 
ity of logic elements indicated at 1562 (which include 
gates 1564 and 1566 which are logically similar to the 
gates shown in FIG. 82 and a buffer 1568 shown in 
greater detail in FIG. 87) having an input connected to 
the output of the PLA 1544 of the master oscillator 
1470. The outputs of the buffer 1568 are connected to 
the clock inputs of the tone generators A, B and C, by 50 
the lines 1498. The tone generator “A” register 1506 
and the tone generator A are shown to comprise an 
8 -unit circuit, which include a programmable counter, 
indicated at 1570 (with a unit 1570a, typical of the units 
of the circuit 1570, with the exception of the unit 15706, 55 
shown in greater detail in FIG. 95 and the unit 15706 
shown in greater detail in FIG. 96). The frequency of 
tone A is a function of the master oscillator frequency 
and the contents of the tone generator A register and is 
given by the following formula: 60 


2(contents of tone gen. A reg 1506) 

The output line of the unit 1570a of the tone A circuit 65 
1570 is connected to the input of a toggle flip-flop 1572 
(shown in greater detail in FIG. 92) which has an output 
line 1574 which carries the output of the tone generator 
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A. The tone generator B register 1508 and tone genera¬ 
tor B as well as the tone generator C register 1510 and 
tone generator C are logically similar to the tone A 
circuit 1570 and toggle flip-flop 1572. The tone genera¬ 
tor B register and tone generator B are indicated gener¬ 
ally at the circuit 1576 and toggle flip-flop 1578 with the 
tone generator C register and tone generator C indi¬ 
cated generally at circuit 1580 and toggle flip-flop 1582. 

The output 1574 of the toggle flip-flop 1572 of the 
tone generator A is connected to an input of a PLA 
1584 which also has inputs connected to the outputs of 
the tone volume “A" register 1514 (which are the four 
lower bits of the output register having address 16H and 
register select line 1414 with a bit shown in greater 
detail in FIG. 75). The PLA 1584 has a plurality of 
output lines which are connected to a resistor network 
1586, the outputs of which are connected to a single 
output line 1588 which carries the analog signal AU¬ 
DIO. 

The PLA 1584 includes a plurality of pull-down tran¬ 
sistors 1590 which couple each of the output lines of the 
PLA 1584 to the line 1574 which carries the output of 
the tone generator A, Thus, the output lines of the PLA 
1584 all go to a logical 0 when the line 1574 goes to a 
logical 1 whereby the output of the PLA 1584 oscillates 
at the same frequency as the output of the tone genera¬ 
tor A. The remaining portion of the PLA 1592 decodes 
the output of the tone A volume register 1514 to selec¬ 
tively activate one of the output lines of the PLA 1584 
(when the line 1574 from the tone generator A register 
is low). The resistor network 1586 produces an analog 
voltage in dependence upon the particular output line of 
the PLA 1584 activated. 

Since the output of the PLA 1584 goes low each time 
the line 1574 goes low, the output of the tone A volume 
register 1514 is in a sense, ANDed with the output of 
the tone A generator. Thus the “AND” gates 1512 
comprise the pull-down transistors 1590. The D-A con¬ 
verter 1524 (FIG. 71C) comprises the PLA 1584 and 
resistor network 1586. 

The output of the tone generators B and C are con¬ 
nected in a similar manner to PLAs 1594 and 1596, 
respectively. The outputs of each bit of the tone volume 
B register 1518 (with each bit shown in greater detail in 
FIG. 75) are connected to the inputs of the PLA 1594. 
The outputs of the tone volume C register 1522 (with 
each bit also shown in greater detail in FIG. 75) are 
connected to the inputs of the PLA 1596. The outputs 
of the PLA 1596 and the PLA 1586 are connected to 
the inputs of the resistor network 1586. 

The output of the most significant bit of the shift 
register 1558 of the noise generator 1496 is connected to 
the input of a NOR gate 1598 whose output is con¬ 
nected by an inverter 1600 to a PLA 1602. The other 
input of the NOR gate 1598 is connected to the noise 
modulation register 1536 which is the most significant 
bit (shown in greater detail in (FIG. 75) of the output 
register having address 15H and register select line 
1412. The PLA 1602 has inputs connected to the output 
of the 4 most significant bits of the noise volume register 
1492 and the output of the PLA 1602 is also connected 
to the resistor network 1586. The set of “AND” gates 
1530 comprise the plurality of pull-down transistors 
1604 of the PLA 1602 with the digital-analog converter 
1538 comprising the remainder of the PLA 1602 and 
resistor network 1586 in a manner similar to the tone 
generators. The resistor network 1586 has a common 
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summing point 1540 which is connected to the output 
line 1588 which carries the analog signal AUDIO. In 
this manner, the AUDIO signal is the sum of the tones 
A, B and C, generated by the tone generators A, B and 
C (at their respective volumes), and the noise generator 
(at its respective volume). 

The LDLl and LDHl signals for the microcycle 
decoder 1402 are generated by a generator indicated 
generally at 1690. Tlw generator has inputs for the 
clock signals <I> and and the CPU control signal 
lORQ and outputs 1692 and 1694 for the signals LDLl 
and LDHl, respectively. The generator comprises 
gates 1696 and 1698 (each of which is logically similar 
to the gate shown in FIG. 82) and NOR gate 1700 and 
1702. The address bits A0-A7 are latched up in the 
microcycle decoder 1402 on the signal LDLl with the 
address bits A8-A10 latched on the signal LDHl, just 
as for the address and data chips. 

The video processor allows the easy manipulation of 
pixel data to be written to the display RAM. With one 
memory write instruction, pixel data can be taken from 
the CPU, modified by the video processor and sent to 


A “flow chart” for the power up sequence is given 
below in Table IV; 

_ TABLE IV _ 

5 POWER UP SEQUENCE 
Disable interrupts 

Set CONSUMER/COMMERCIAL port to CONSUMER 
IF Address 2000H = C3H 

Jump to address 2000H 

ENDIF 

. - Clear all system RAM 
Clear shifter 

Set timeout count to max 
Clear music ports 
^t vertical blank 
Set interrupt mode 
Set horizontal color boundary 
I* i^t color ports 

Activate system interrupt routine 
IF Address 2000H = 55H 

Menu Inx-t—Cassette menu 

ELSE 

Menu Inx^-On board menu 

20 ENDIF 

Call system menu routine 


the display RAM. The modifications include expand- 
ing, shifting or rotating, flopping, and ORing or exclu- 
sive-ORing the pixel data. This allows a greater amount 
of data to be handled in a given time which in turn 
allows greater complexity in the games and computer 
functions to be performed. 

Furthermore, although only 2 bits of memory space 
in the display RAM are used to define a pixel on the 
display screen, the present system allows the associated 


A flow chart describing the sequence performed to 
allow the user to select a game from the “menu” is set 
out in Table V below: 

_ TABLE V _ 

_ SYSTEM MENU ROUTINE _ 

Clear Screen 
30 Paint Banner 

Display ‘SELECT GAME' on banner 
Line number 1 


pixel to be presented in one of 32 colors and one of eight 
different intensities. Color registers of a greater capac¬ 
ity than 8 bits would provide an even larger selection of jj 
colors and intensities. 

The colors and intensities of the entire or portions of 
the screen may be changed with one instruction without 
changing the contents of the display RAM by changing 
the horizontal color boundary. The colors and intensi- 
ties may also be changed by changing the data in the 
color registers. The screen interrupt is programmable to 
allow these registers to be changed after any particular 
scan line so that 256 color/intensity combinations may 
be on the screen at one time in any one field of the raster 45 
scan. 


Display line: Display line number at screen (character 1, 
line number) 

Display *•’ at screen (character 2, 
line number) 

Display title (menu inx) at screen (character 3, 
line number) 

Line number«— line number +1 
Menu inx <— menu inx+1 
IF title (menu inx) zero 
Go to display line 
ENDIF 

Wait; Call system get number routine 

IF number 0 or number ^ line number 
Display 'T at screen (character 1, line 11) 
Go to wait 
ENDIF 

_Go to game (number) 


The music processor is fully digital and adapted to 
produce a variety of sounds including melodies and 
noises by loading a plurality of registers. The tones 
produced can be modulated to produce a vibrato effect 50 
or can be modulated by noise. 

Since the cassette ROM is removable and replace¬ 
able, the programming of the system is easily modified 
to allow the particular game or function performed to 
also be changed. 5 ; 

The system has a basic program the listing for which 
is set out in Appendix A. Each game or function has a 
separate program (with the program listing for repre¬ 
sentative games, “Gunfight” set out in Appendix B). 
Each game or function can utilize the basic program 60 
routines which include routines for creating screen 
images including initialization, character display, co¬ 
ordinate conversion and object vectoring. Other rou¬ 
tines decrement timers, play music and produce sounds. 
There are routines to read the keypad and control han- 65 
dies and input game selections and options. There are 
also math routines for manipulating floating binary 
coded decimal (BCD) numbers. 


Finally, a flow chart outlining the program for the 
“Gunfight” game is set out in Table VI; 

_ TABLE VI _ 

Get Max. Score 
Clear Ram 

Set vertical blank, horz. color boundary, 
interrupt mode 
Set colors 

Play Streets of Laredo 
STRND: Start round 

Init Bullets and timers 
Set up screen 
Display scores 
Display “Get Ready” 

Put up proper number of Cacti, Trees & Wagon 

Set up vectors so cowboys walk out 

Start interrupts 

Pause until cowboys walk out 

Erase “Get Ready” 

LOOP: Call sentry (check for a change of input) 

Call DOIT 
If bullet hit anything 

kill object and set death flag if cowboy killed 
Go to LOOP 
DOIT: 
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If time up for round 
Exit 

Go to STRND 

Else 

If Death Flag SET 
Exit 

Go to STRND 

Else 

If Player 1 or Player 2 Pot moved 
Update new arm angle 

Else 

If Player I or Player 2 Joystick moved 
Update new velocity 

Else 

If key depressed 

Coffee break 

Else 

If Player I or Player 2 trigger pulled 
Fire Bullet 

Else 

If 1 second has elapsed 
Update new time 
ENDIF 

Exit 

Interrupt Routine: 

Bump all time bases 
Erase all active bullets 
Vector bullets 

Write bullets to new location 
Set each bullets hit flag if it 
hit something 

Erase next object in write QUEUE 
Vector that object 
Write that object to new location 
Put object back in QUEUE 
SCHED next interrupt 

exit 


5 It should be noted that the computer or processor 
may form a part of the video processor and/or a part of 
the music processor so that the video processor and/or 
music processor may stand alone, with only minimal 
instructions from a central processor. This likewise may 
10 be employed for input/output processors. Thus, the 
term “computer” as used herein, together with its asso¬ 
ciated hardware, may be in the video, music and/or 
input/output processors. The so-called intelligence of 
the system may thus be split or divided between the 
15 individual processors and the central processor. 

It will, of course, be understood that modifications of 
the present invention, in its various aspects, will be 
apparent to those skilled in the art, some being apparent 
only after study, and others being matters of routine 
20 electronic and logic design. As such, the scope of the 
invention should not be limited by the particular em¬ 
bodiment and specific construction herein described, 
but should be defined only by the appended claims, and 
equivalents thereof 

25 Various features of the invention are set forth in the 
following claims. 
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728 

SVS1FH kM.niHF 10 CHII 

IF (UlONU), 111 INF (MiUMFNlS 



8M- COI'IFD imii IHF CONIFXT HH-H FOk 8I6IIHIIIT Okl+klNO 



SFF IHlFPPkFIFk I'OJliMIHlHnOH HtIO OI'PPOF’. 18MFS 


731 

8 00HI1V MHIPH IS Hf-FklFO WHKH, HtIFH kFlUktlFl) 10 HV 1H1 


732 

SVSlFh kOmilJF, Hill kFMOPF 1Ffl- kFOISIFk CUIIFHIS 8N0 


733 

ktiwdi 10 1HF usFk Pkfuikflii 


734 




735 

IHF in HftS W-FN FX1FN0I 0 10 *AH4ikl USFR 51144 IFO 


736 

kttrilHFS. IF IHf (HU INOFX PkOVlDfO IS NFWlllVF: 


737 

1HFN IHF (ISFPS IXSPHICH IhMF KUNIFK (USFklH) IS USFO. 


738 

NOIF IHfll IHF SION HU ISN'l 78PPF;0 HFJ-(»<F HFlMi 


739 

USFO (6 FN INOFX, IHIS MFiffc IHhT IHF USFkS OISPNKH 


740 

18KF. PfilfflFk F«4U) MUNI 12'8 HVIFS HFFlM IHF FlkST FlUkY, 

0038 B 

741 

FX (Sp),Hl 

; RFIIKN 8W)kFSS lU M. 

0039 F5 

742 

PUSH 8F 

i CRfHlF CONIFXT 

0038 (5 

743 

PUSH FC 


0038 Ob 

744 

PUSH OF 


eeX OOfb 

745 

PUSH IX 


0030 H*S 

746 

PUSH IV 


0040 KD?10Wi0 

74? 

LD IV, 0 

i POIHl IV BT CONIFXT 

0044 H):<9 

748 

8D0 IV, SP 


0046 ?E 

749 

U) 8, (HL.) 

i l.0«» OKHDE 

0047 P3 

750 

INC HL 


0W8 llTflK' 

751 

LO DF,kFlN 

; OF - RFllRN POINT 

0040 IF 

752' 

RKH 

; SICK HRHIFO? 

004C 3836 

753 

Jk C,l1INT0-$ 

; JUMP IF VES 

004F F5 

754 IKIT^.: PUSH HI.. 

; S8VF. PC 

004F Ob 

755 

PUSH OF' 

; SBVE OLWW KFTURN 

0050 ?1C000 

756 

1.0 M.,SVS()F1 


0053 07 

757 

RLCft 


0054 bF 

'758 

LD Fj8 


8055 1600 

759 

LO 0,0 


W57 17 

760 

KLR 

; USFK T8BIf. HBHTFO? 

0058 3003 

761 

JR NC,PUSKl-$ 


0058 ?fH>!F 

762' 

LO HL (USFHTB) 

; VFS - ICflO IT 

0050 19 

763 PlJSHl: flW) HL,Of 


005F; bF 

764 

ID F, (HI) 


005f ?3 

765 

INC HL 


0060 56 

766 

LD 0,(HI.) 


0061 05 

767 

MISH OF 


0062 FDf.60B 

768 

LO H,(1V+C:F«) 


0065 FKftfl 

769 

10 LdV+TM.) 


0068 FD568:< 

770 KF.1.0: 10 0, (IV+CFHXH) 


0068 FO5F0r; 

771 

LO F,(]V+(81X!) 
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00«: 1)5 m HUSH i.)f 

006H I)()E5 m Kf IX 

0071 HOTHfiS 774 ID fb (IV+Cttfl) 

R074 H[«>05 775 WI OflD: ID I),(1V+CH)> 

0077 H)5I:W 776 ID H.,(lV+(Sit) 

7?7 Ril ; ca.L Vlfi RtTURN 

m J MHHH : MfCkO imiklWTHR 

780 i PU<KtSt: IWIHkHW-lMi SHM^NttS tf SVS.lfcN CM I S 

781 i INKH; HDORKSS W- SIRlMi TO imHkHktl Hf6:‘iD ON STFM( 

78? i STHCK USF: NO IN(»HS4r JH l«1H 

783 i bXHHlNHlKW; IF ffllOMD (BIT 0 OF (Ml. M*X SHI) 1HF 

784 i ftWiW'Nl 1Mtt (MkHROl) IS IHDHXFD filVlNfi H Hft4< HHllH 

785 ; SHtCIFlFS liOW 10 IRHNSFtR INLlNt FtW^lUHNIS INTO THt 

786 i KtCJC IHIS HfiSK IS HORmibD HS KUOHS: 

787 i 

788 i 

"789 ; 

7S« ;*'7*6*s*4«:<*?*j*e* 

791. < 

792 ; ♦ H ♦ 1. ♦ h ♦ IX* 8 * C » D ♦ E. * 

793 i ******* «**»»|n»»w»»»» *». » » | <» »)t»»» 

794 i FIRtiUlfrNIS 111.15.1 FOllCW THt CM.I INDEX IN IHt FMi.OHlNO (MO 

795 ; (OMITINti UNUSFD FMiUMtmS, (4 COUkSt;) 

796 i (IN[)t:X),IXl,IXH.t,D,C,tl,(l.L,H 

797 ; 

TSe i 1E€ SimifllTD K: IS SflVFD EM) f! DUHW RtlLlRN IS 

799 i INSFR'IED ON IHF SIMX THF UPI DISHHKHINO WtllINF IS 

800 i IHFN FNIFktD HT 'INIFl:/. WHI(« tFFFCTS H (.ONMt IkHNSFFR 

801 i TO the; cm led kCil.}ITNt. WHEN IHF (MLED kOUlINt kElUkNS 

802 i n NHL CTiMt. EMX IIFkt: TO INitkHktl IHF. NFXl MHCkO INl^lkUCTlON 

003 ; NOTE. THftI 1H1S kMHINF IS RFFNlkflNl, IHFktKM- THT- (MIED 

804 j RttlTlNF MflV kFCCIk FMK lEMI HFHF, IF IT FFi:i5 IIKF )1. 

805 i ** the; If'I HflS HtlN t.XIFMX.!) TO SIW^T USlk HkOVlDFD 

806 ; SVSltn kCtniNFS. IF H NETffllVl (M.I INDEX IS FWMWIEMD 

807 j E»V the: INTFkHM-TFk, fiND 'SIKK lU.Ilt' IS C»'11[iNI.D< IHF 

80E! ; USER HflCRO kttlTlNE HkMWEMT IHblE IS INDtXE.I) FOR H 

809 i HElRHhFlFk MflSK. TM ElDDRFSS OF IHIS IHOIF IS HSSOMFD 

810 ; TO M: in (UEtfiftOT), (llMHk(iT+l). IHIS HOlNIF.k SHMUD 

811 ; KHNl 64 mtS BFFOkt IHE. FIRST REM ENTRV. 

812 i l.E. ID H(.,USFkl1T-64 ; WHERE USE RMI HO INI S AT FI RSI ENlR'/ 

813 ; ID (l»WliT),Ht. 

607ti 01 814 HINTK:; Htf W ; DISCARD DHW RFTIWI FROM UHI 

007C 815 RENIER: 

007C FI 816 POH M, ; W (fF M: 


818 ; NfiME: MCMJ 

819 i EURKtif; (Ml INTFRHREllR SHM.4J1IHE: 

820 i INHUl: HI. ^ ROUTINE (MMSS 

821 i NdlES: ROUTINE m El (M l ED EROH MHCHINE I HMilKKit (JR 

8?:' ; HNOIHER INIERHHE IED SFIjUHCE 

823 i STMX DEKIH lEKMHSFD HV 4 hV (Ml 


007D 'TK 

824 

NH(M 1 

: ID 

fi. (EH.) 

; OETfl.'l 

007F 23 

825 


INC HI 


00?F (8'<F 



SM 

H 


8081 117(('t('i 

827 


(1) 

DE.FI-I.’IFR 

i IWlD ItflFkIWFR I'lllW MIURN 

008'! I'S 

K'8 

himo: 

Hll'-.H 1 + 

; Stfvl- lillAV HEUIkN 

MtSS 7F 

KN 


11' 


, INIEX 10 (: 
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100 




8;-:(i 


•IR 

Ni HilNI2-E 

JUITP IF m,i IOfD MilNTFO 

0OK: FB 

831 


EX 

W,H1. 


0089 OClm 

832 


H) 

B,0 

IC«) SVSTFH HR(i TKIE 

0081! ;'i4Wil 

833 


ID 

Hl^MRHWil 

00E* iva 

834 


HIT 

6, FI 

USE LISEN THWE? 

0090 2803 

835 


JR 

7, HINT}-? 

JIMP IE NO 

0092 2HFB4F 

836 


ID 

Hl,(UHrt<GT) 


0095 09 

837 

MIN11: 

014) 

Ft.BC 

INDEX THKE 

0096. 46 

838 


ID 

B, (HI) 


0097 mm 

839 


C0L1. HSL .ICK1 

C0L1 SltK ROUT IF* 

0090 D1 

840 

H1NT2: 

POP 

l;* 

WMIfi' RETl(<H TO HE, rt PC 

0098 79 

841 


ID 

ac 

GET C0LL INDEX BHI K 

009C FW6e7 

842 


ID 

B,(IVHF40 

RESTORE CKtm-FD RFOISTERS 

009F F M e6 

843 


ID 

c,(iv+(k;) 


0eft> 18FfT 

844 


JR 

IMTPE-? 

JOIN NCWIft UPl DISPHTCFI SEKPNCt 


846 i rm-: sm. IW IH F#iWlHf-N1S 

847 i PllkM6k: TktKSf-bk Lif IH Ki-; ItflU CdMIFXl HLOfX 

848 i INKIl: 8 * flkG l.OHO KHSK (Stl IMTtkkRMEk ttitlHlNIS/ 

848 i OUIWII: HI. = UKJfflfD PC; 

850 i EXH ftlNHIICiH; IHIS ktiniNf- IHPI FI«-'N1S H MHCWi IL«) 1H^.TM.CIU« 

851 ; IT IS LiStD PV IH: INTbkm IPk flS 1*11. ft ONF. BIT IN 11* 

852 i inline: l.C«) MHSK «FHf6 llWlSPF.k THE, NE.XI INllNE KVIF. 1N10 THE C8 

85;< i H 2tk0 HU MEHNS 'HDWW (CiNlEXl Bl.OCK rtUNlEk' 

854 i THCi EN1KV POINTS Hkt l*Elt*T), WiF EOR THE SUCK M.'lEdCTKiN 

855 i THE OTHER FOR TT* INTFRFI^TEk 10 USE 

856 ; SUCK MHCkO bNTkV; 

0084 Ei 857 NSUCK: Kf HI i RETURN fiOWOS TO HI. 

0(«6 W 858 POP DE i PCP OFF PC 

859 i **♦ BYTE SFlVlNO TRICK *** RFPl.FKt HITH ID Hl.kFENikV H THINOS CHOE«)E 
23 868 IW: H i HOVFiNCF: TO kEENlkV (Hi HI 8) 

t«fi7 E5 861 KISH HI 

861' i FKl INTO ... 

e«e CB60 863 r&IKKl: BIT 4;B ; IX ICPD HHmED? 


0000 i-m 

864 

JR 

Z,HSUf.K2-? 

; nSUCK2 IF NOT 

000C 10 

865 

ID 

a(l)E) 


000D 13 

866 

INC 

l)E 


000F; FI)77C<' 

86? 

ID 

(IV+C81X1.),H 


0081. 10 

868 

LO 

a (DE) 


0082 13 

869 

INC 

OE 


80B3 FD7703 

8Vti 

ID 

(IYK:B1XH),H 


0086 FDE5 

871 n:-i.K;K2: 

: PUSH 

lY 

i LET Ft - IV 

0008 Fi 

871' 

KP 

HI 


0089 23 

873 

INC 

Ft 

i + 4 

0080 23 

874 

INC 

Ft 


8088 23 

875 

INC. 

Ft 


0080 23 

876 

INC: 

Ft 


0081) CBHO 

87? 

khS 

4,B 

i KILL IX 8IT 


878 i THE FfilKI^ SI.ICK IN ICCP 
00BE (8:<F: 879 HSUTTG: SRI H 

feci :<80;< m jr nc,iisu(;k5-$ ; msi^ks if hoi this hi* 

00(::< jfi 88) 10 H-(l*) ; (*1 lU.lti E^TF 

00(:4 13 881' INC 14- 

00(5 77 88-< LI) (HI))8 » STUFF INTO CB 

00Ci 7i 884 H':.IK:K5; 1N(: HI i KNTP (-B FOINTFR 

885 . ♦♦ THIS lOI'F HSsUlf S THCI ‘'ITml-- OF 'SF1 ' IS PRESERVID 


OW:/ 'Mh 

886 

JR 

N/,M8l.H.K<-i 

i JU1P IWK IF H0F1 TO OU 

0O( B FP 

F8V' 

FX 

OF,HI 

i HI - K 

00(1; ( 9 

8(8 

RET 


i THEN Kin 
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101 



090 

} iftti***********^ 



89) 

i * ll-I KMHINF MiDRFSS 10HLF • 


89;' 

j ^tim**********it*** 

*********** 

mu im 

093 

SVSfini: DFFH HI NIK: 


eeu> m! 

094 

DFFU HXINIC 


eetj- :<m. 

095 

DFFU HkCHU 


8«>i nm 

896 

DFFH HKHi. 


m>:< rm 

897 

DFFH NKF.T 


ea« Men 

090 

DFFH MFuinn 


m>7 Feine 

099 

DFFH HSUCK 


eeo9 mu. 

900 

DFFH HFltniN 


ma 7EM 

90) 

DFFH TIHFV 


KOi) em 

902 

DFFH MU2SF1 


eew- Fees 

903 

DFFH MU7S10 


mi CFBK 

904 

DFFH n9F.1L»‘ 


eeB DB(«j 

905 

DFFH HCClijk 


eeEs FEen 

906 

DFFH HFILL 


0eE7 B2e« 

907 

DFFH HPHINT 


eeE9 FEK 

980 

DFFH HVHRIT 


«Gi m? 

909 

DFFH HUkllk 


eeFi) im 

9)0 

DFFH HHklTF 


my is«ei7 

911 

DFFH HHkn 


00F1 iceiy 

9)2 

DFFH HHKirn 


eeF? m? 

913 

DFFH HVFIRN 


eeRj 9F0/ 

914 

DFFH HFUHNK 


«f7 wn:< 

915 

DFFH hSnVE 


eeF9 ««? 

916 

DFFH MHFST 


eeFif 6Nc« 

917 

DFFH HSFfiM 


eeFD Fie? 

918 

DFFH DISKH 


0014 (:40? 

919 

DEFH SlRNtH 


010) Finn 

9;* 

DFFH tCDlSF 


0103 Ff0R 


DFFH HkFtFlH 


0105 Fnw 

92;' 

DFFH HKIHI 

i kFlHB) 

0107 560f. 

923 

DFFH HVECTC 


0109 3306 

9;'4 

DFFH MVF.CT 


0 ien C9»i 

9;'5 

DFFH HKCTfe 


0ieo fic«j 

9;!6 

DFFH MFMlkV 

; SFNlkV 

0ieF 0C0(; 

927 

DFFH KDOIT 

> DOIT 

0)11 enee 

9;'8 

DEFH HDOITH 


0)):< MW) 

9rf9 

DFFH DF12HK 

i PlTtlMC 

01)5 970C 

930 

DFFH MFI-Mll 


0117 Fn«; 

931 

DFFH HGFTP 


0119 3101) 

932 

DFFH IK4 TH 


01)F! 1000 

933 

DFFH MKIISF; 

iFflUSE 

0)11) ««! 

934 

DFFH MDIS11 

;I)ISM-W TIME. 

011F )50C 

935 

DFFH MINCJ^C 

; INC SM*F 

01?) 7600 

936 

DFFH IFKNIH 

i INDFXN 

0i?;< 90(* 

937 

DFFH MJINIH 

; SltnFN 

0i?5 «:» 

938 

DFFH niNDH 

i 1NDF.XH 

0)?? MW 

939 

DFFH HlWn 

; INDFXn 

0)?9 4WiH 

940 

DFFH MKiVE 

; MCM: 

di^i: 0001) 

941 

DtFU dSHHU 


0i?t> ?)0;< 

94? 

DFFH FiJDfll) 


wri )F0< 

943 

HFH WDSf: 


w;<) DFK’ 

944 

UFH HCIHII 


0i:<:< 040? 

945 

WFW DdW 


0)35 MflGf 

946 

DFFH KWS 


0137 4)03 

947 

DFFU KDMG 


0L39 fEHK 

940 

DFFH 5{M4> 
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w:<H '/m 
W301«0:< 
0j3F 4m 
0i« ms 
4i(C 
6C03 
w.'i? '/m 
0M9 4m 


ei4« (« 
ei4c » 
ei-iD c? 
W.4E: cti 
ei4F E« 
0150 (0 
W M 08 
015? 00 
015:< 04 
0154 F0 
0155 00 
0156 2ft 
0157 C« 
W58 2F 
0159 :f 
015f; Ml 
0158 f:< 
0156 B 
0150 FF 
01 5F: FF 
015F 13 
0160 t8 
0161 (f 

016;' c:< 

0163 (F 
0164 ?7 
0165 [:? 
016E. fF 
0167 14^ 
0160 :'0 
016<i M 
016H 00 
0168 00 
016C 03 
0160 (» 
016F r» 
eiCF 00 
0170 (:3 
0171 FC 
017? CF 


103 . 

949 DfFH SOSHG 

950 DtFH 50fdS 

951 DFFH SNFtiT 

95.'' DFFH MW#**; 

953 OFiH HGKIIT 

954 DF>H M5H0 

955 DFFH HSFIH 

956 DFFH mil) 

958 J MflCRO ftOUTlHFS HRfiUMF.N1 HHSK IflBLfc 

959 i FORHfll; 

%0 ; t*****1******>t*******^^ 

961 i*7*6*b*4*3*?*l*0* 

%J ; t* *** ** ** ¥ ***^^******* ****^ 

963 ; • H * L ♦ ft ♦ IX* 8 ♦ C ♦ D * t ♦ 

965 ; fiRfilW-H16 MUST F« lOW IHF Cftll INDFX IN IHE FOLI.(«IHfi 

966 i (OHIITNO UH.IStD HkliUlIF.mS, Cf ItlRSF:) 

967 i (lHM.X),]XLlXH,F,D.C:,8.fl,LH 


968 MRFJiOl ; 

DF>8 0 

INTHC 

969 

DFFB 0 

XINIC 

970 

DtF8 1.100006(<8 

KCftl 1. 

971 

DFFB 1100600eF! 

HCFlli 

971' 

DFF b 0 

MRFT 

973 

0F.F8 110060(« 

NJLIMP 

974 

DFFH fi0001O0M:: 

SUtK 

975 

DFT H 0 

ftCIlMl 

976 

DFFH 0(10001068 

DFtt:lS 

977 

DFFH 11.1100008 

FiMUSK; 

978 

DF F H 0 

FMUSIC: 

9;'9 

DFFH 0131010108 

SFnoin 

980 

DFFB IIDWKW. 

(xtie 

981 

DFFH 00:1.011110 

FILL. 

9K! 

DFFH 0111011110 

kFCTHN 

983 

DFFH 11010000H 

VUkllK 

984 

DFFH 111C10011B 

HHl1k 

985 

DFFH 1110001IH 

HkITP 

986 

DFFH 1110111IH 

HRIl 

987 

DFFH 1110111.10 

WkllR 

988 

DFFH 000100110 

VF!l.HHK 

989 

DFFH 11001011H 

F4iFNK 

990 

DFFH 11001111H 

SftVF 

991 

DFFH 110000110 

KF-SllJM 

99:- 

DFJ-H 11.0011110 

scMm 

993 

DFFH 0U100111H 

NFW DlStWk 

994 

DFFH 111-1001110 

NFH l.'ISSTk 

995i 

DFFH 11001.111H 

l.'ISNUM 

9% 

DFFH (i0finflli(iF; 

kFlHFH. 

997 

IlFFH lii0i.ninii(iF: 

kFlrtU 

998 

DFFH 110J010M; 

VHU: 

999 

DFFH 1101000(« 

VFP 

1000 

DFFH 0 

KCTHSC 

1001 

DFFH 000600110 

SFFFTRV 

10K' 

MFB 11000(1000 

ixm 

1063 

DtFH 110ti00(«H 

DOITH 

1004 

DF F H 0 

PlTHkK 

1085 

DFFH 110000110 

MENU 

1066 

DFFH 111011(410 

an PftkMIFTFk 

1067 

DFFH IIWUIIIH 

(lET NllHHFT< 
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M7:< e« 

1008 

0(8® 00K110008 

i Pftltt 

W 'M jr/ 

1009 

0888 000001118 

i OISIIH 

eiTii C8 

1010 

1)888 110000008 

i IMCSt® 

W76 t« 

1.011 

of.88 nmnim 

; INOEXN 

W 77 C» 

101? 

D888 110000008 

; STORFN 

0178 C* 

101 :< 

DH-8 11WK1000H 

i INOEXN 

0173 C* 

1014 

0888 nmmb 

> INDEX® 

017fi CH 

1015 

0888 110011118 

i HOVE 

WTH C8 

1016 

0888 11001K108 

; SHIFTU 

017C CB 

1017 

OFF® iiMneni.® 

i ECOfDO 

eiTD f® 

1018 

0t.F® J.1«tl011® 

i ECDSUB 

017t; C8 

1019 

OFF® 11001011.® 

; Bam 

017F C8 

IK® 

OFF® 11001(1118 

i ECDOIV 

0180 (S 

lerd 

D8F8 11K110008 

; ECDCHS 

0iej 00 

IKS* 

08iF& 00K-I1.0118 

j MDNEO 

018? C0 

IKS 

OFF® 11001011® 

; 0000 

0i8:< 0® 

1.024 

D8>® C<i0010HF: 

; OSHO 

0184 00 

1025 

OFF® W10010118 

; O08S 

0185 C8 

1026 

DtFB 11(1010008 

j EE01 

0186 20 

102? 

DFFB 001(i(K<if® 

; KHNCf O 

eifrz 00 

1028 

DfiB 000000008 

; QUn 

01»: 0:0 

1029 

OFF® 11100000® 

i SET EVlE 

0189 C3 

ie :<0 

OFF® 1100001IP 

; SET HCM) 

0180 C? 

i0:<i 

DFFB 11000111® 

i I^ISK Id OELIflS 


leis 

; INTFRIF'I kUniHF KK FVF.kVHW 


10:<4 

i WHO OOFSNn IJ0NT Id IF IH »R IWH 


i0:<5 

; OOF® 4 601H SF(: CrtWTfckS IN (10-7 

0180 87 

1076 

MHCTIN: D) 

i mt. [:0MN SIKE HE. IS (FF 

018C 85 

107? 

FlISH ff 


018D C5 

i0;<8 

KIF® EC 


0188 05 

1079 

EK8® of: 


0188 85 

1040 

KISH HI 


0190 8058 

1041 

IM 2 


eiK' ;<8w 

104? 

10 anHHSHR.® 


01'94 8M7 

1047 

10 ]<H 


01% 78 ( 0 

1044 

ID K i-00 


0i%! 0:<f4- 

1045 

OUT (IWltO.H 


01% i<8 :<4 

1046 

10 KnH8<-0E8H 


01 «; o:<(4' 

1047 

(tn (IN8HK).H 


(81% (I'fltW 

1048 

(;Hf 1 11ME.2 

; IFDfllF llIKiill.MlKK: HE») SKHUJOS 

0101 (.18(18 

10-18 

10 (:,08H 

OSF CKKi 

010< Cl’/8(i1 

1050 

(Hll IIIKV 

DEC (10-.< 

W(|5 81 

KM 

K® HI 


0107 01 

1052 

POP OF 


0l0f; Cl 

1057 

Kl* EC 


018(9 81 

1054 

POP HF 


01HFI 8® 

1055 

El 


0180 C9 

1056 

RFT 



1058 

; Win INF : SfcNTkV 



1059 

i PlKKtF : 10 NHn FC® (HfMiE OF EKOORflH STEllllS 


1060 

; IN El IHhk IHF KiMS OR IHE IlHER-ECKHIFRS. 


1861. 

i IN EMirflON 11 CEf lXS lIEKCO FIK l.ONO PFRlWiS (f IN- 


1062 

i HCT1VI1V 



1067 

; ** IS VECTOR OUT F1.0G SEir/ 

010 c :<08fl48 

1064 

HEMTRV: 10 a<SFNFL6) 


018f F80R 

1065 

CP 0E«1 


01W C01?l?0 

1066 

JP 2,1®19H ; 

VES - JIUP oin 

0184 MC48 

1067 

LD (KTIMCim) i 

CHECK IF TIME TO Bimn 
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i ' 

ip7 

108 

01B7 a? 

108£; 

m H 


0jB8 2m 

1089 

JR NT^ITESl-t 


eiBft HF 

1070 

IV178K: XCR H ; 

TIME TO smn 0C(4N 

W.t*! FJ 

1071 

01 


01«: W15 

107;' 

ttlT (VOlC),fl ; 

TURN OFF SCtWOS 

j4pf: i>:<i6 

107'< 

OUT (VCLflR),fl 


WC8 W««8 

1074 

LO E!C,CtilRX+8*:'5f. 


0ic:< fcD79 

1875 

OUT (C),fl i 

pfiim IT Fiftcx 

WC5 leFC 

1076 

DJK7 -2 


mi iii'iec' 

1077 

PULP: 1.0 OF.HKFVS 


ei(fl cw^(c 

1078 

Cfill FINOL? i 

Cflll. STEHF Of imo CrWlFXI RfllTlUE 

0iCl) CPFSei 

1079 

CRLL TTEST ; 

HftlT Fm SCMFTHIWi 10 m'F8N 

WDe 3C 

10f.« 

INC H 


eiw mi 

1081 

JR NZ>HP17W(-1 


010? FD:<f09«i mi' 

LO (lV+(8«),0 


wo? FP 

10S:< 

El 


0108 ?HFWF 

1084 

1.0 HL,(t:CtlS1) ; 

err sfWFO cotri^; 

0101:; ZiM\- 

IK* 

HatCft; 1.0 (CaiSD.Hl i 

SF)VF FOR FOTURF 

0jOF W0FW 

10% 

L.0 HC; 800H+IOIBX 


01F.1 Hm 

1087 

01IR i 

RESET IHE Ca(iI6 

01f:< flF 

101S 

XOR ft 


01FM ts 

1089 

Wl 


01F5 COF(fl? 

IKH 

1TF9T (HL. TRCftK 


01E8 FO??09 

1091 

1.0 (lV+(8fl).ft 


01FR FO?{W 

109? 

10 (IV+CR8),R 


01FF FFi:< 

109? 

CF’ SKVO 


0iF8 m 

1094 

RFl C 


01F1 Flic 

1095 

CP rOT0 


0if:< 00 

10% 

RFl NC: 


01F4 :<F.FF 

1097 

10 ft,0FFH 


WFF. :<».(:'1F 

1098 

10 (DMOini.H 


01F9 t:9 

1099 

RFl 


01FH ( 400 

1101 

CHLl; OFFU 8CK 


01FC W)f© 

110;' 

OF.FH PNIH.C 


01FF 'im 

110? 

OEFU tfti 1ST i 

STftRI (F CM.l«.H10R 


1166 

i SVSTFh kW.niNES JIMP VFCTOR 


1106 

ORG i-ftOH 


0200 C3fl004 

1107 

JP TIME? ; 

00 TIMER * MUSIC 

mi 037004 

1108 

JP IIHFX i 

DECTMR 

0?ee 

1110 

SVSFK1: OEFB ;'0H 


0207 08 

1111 

DFFB 8 


0208 08 

111? 

PEER 8 


0209 01 

111? 

DFFB 1 


02m 07 

1.114 

OEFB 7 


0200 E408 

1115 

OEFM LRGLHR 


0280 00 

1117 

SUFNT: OEFB OftOH 


020F 04 

1118 

OFFB 4 


020F 08 

1119 

DFFB 6 


0210 01 

11?0 

OEFB 1 


0211 05 

11 ?1 

OEFB 5 


0212 FJ-BFI 

11K? 

OE.FH SMI CFIR 



n;'4 

j ftl.l.KFVS Mft^.K 


0214 :<F 

1125 

flKFVS OEFB ?FH 


0215 ?F 

11% 

OFFB ?FH 
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110 


109 


0216^ 

1127 l)FF0 71H 


1128 

OFFH 

7FH 


ii.:<e 

HF0[) (f CIMflkO HF NII 

0218 Ef«) 

1.171 GIM NK; DFKW CIU. 

0218 (««) 

1172 

DfFM MW 

02iC W17 

1177 

M.FM (iFSTkl 

021F 4[v11b8r«< ii:<4 

DfFH 

'MHX S(:(JW/ 

0227 00 

ii:<5 

WFB 0 

0220 2:<WH6 ii:<f 

WfM 

'I LF KHVKRS' 

0274 00 

1177 

DFK0 0 

02:<b 2:?2(14F46 1.178 

DFFM 

'• (f WMtS' 

023J 00 

1179 

WF0 0 


1141 

ran ic. 

CONVlkl HHSX 10 DKlfiS 


1142 

mn: 

0 - JUVSTICK H0SK 


1143 


[; = FLdP .SlHUf. (MR FI If BIT 6F1 


1144 


OF ^ X K6IT1VF; DFI.1H 


1145 


HI ^ V KiSlUVF OFLIH 

0240 (man 

1146 HKID; CRll 

(T«M. ; HFHHF V 

0247 fcH 

114? 

FX 

OF,HI. 

0244 CH71 

1140 

011 

MkFLCf.C ;FL(fStT? 

0246 2007 

1149 

JR 

7,mu)?-4 iVks-wm 

^0 70 

1150 

LD 

H,B ; ND - t«T HHSK 

0249 F607 

1151 

0NO 

7 

0241! 2001 

1152 

JR 

7,ltnDl-l 

024D »■ 

1157 

CM. 

; IMVfcRl IF NOT TFRO 

024F 47 

1154 MHIW: I .D 

0.0 

024K a«,02 

1155 «m i)2; CHIL 

CtWCM. i PWttSS X 

0252 FH 

1156 

FX 

Df.Hl 

0257 C7f««! 

1157 

JP 

SlHlDfc i STLfE Hl.Ot HU) WIT 


1159 

aiWiliniHF TO CONDITKWtlV COMFlFMFm tfc TFMl 

6256 C008 

lice KRC 

B 

0258 7000 

1161 

JR 

NC.C0NC1-F i JLWP IF HCn If 

025fl 71) 

116? 

LD 

ai 

0250 2F 

1167 

CM. 


6256 ff 

1164 

LD 

1.0 

025D 7C 

1165 

ID 

FbH 

e25f: 2F 

1.166 

CM. 


625F 67 

1167 

LD 

H.H 

6266 23 

1168 

INC 

HI. 

«G61 C008 

1169 

RRC 

B 

0267 C9 

1170 

RET 


0264 t?08 

1171 OMl: m 

0 i DCHN SfeT? 

0266 m 

117? 

RF.T 

C i WIT IF SO 

0267 C:32R0e 

1177 

JP 

CONt J ; JUHP TO ZERO Wi 


1175 

N0MF: 

SCKO L MFHORV KICK 


1176 

INPiri: 

B - NIWR (f 1 INIS 10 SCWm 


1177 


C MlHBFIk (f BVIFS ON 1 INF. TO S 


1178 


PF - I.INF 


1179 


It FIRST L INE TO SCROU. 

6260 0F 

1106 

NSCROl.: X(*< 

0 

0261! C5 

1181. 

ItCRU: KISH K ; S0Vt CttiNlFRS 

026C 05 

IIK' 

PUSH Dt 

0261) 47 

1187 

ID 

B,H 
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112 


#1 


mu th 

11W 

EX 

IP, HI 


«>«■ 19 

1185 

HW> 

WAP 

; FIX) IHCREMFNT TO HIP 

0?7« fb 

118^ 

PUSH HI 


(«?7i H)m 

1187 

IDIR 


i 7777hF'! 

m.< Ki 

5188 

m 

W 


[>i 

1189 

Kl" 

[p 


li 

1198 

PCt- 

K: 


fQ?(. i«K< 

1191 

[.■JN7 

I'V^CPIl-l 


(1771: C-9 

119'' 

M-1 




1191 

; NftME: 

MFHW JNlEkPREIFk EXI1 HUH ItiNlEXT kESKPE 


1195 

; KmiSE : 

UlHI 

IHIERPREllHti HND (« Ht«F; 

0?79 El 

1198 

HXIHIC: KJf 

HI 

; THW« HIT WitW RETURN 


1197 

i NhEf: 

kEHIRN EWm SVSIFH CHII 


1198 

; K»«« : 

REUPNING Ki USER HNI> kkSTtPflllDN (P REGlS'fE-lS 

027H El 

1199 

KE.IN: Kf 

HI 

i RETIPN rtJORESS TO HL 

tGTH R)E1 

1288 

Ftp 

IV 


»7D [Wl 

1281 

PtP 

IX 


027E W 

1282 

W 

tP 


02f <i Cl 

1287 

KP 

8C 


K!fil El 

1281 

PIP 

HE 


0282 12 

1285 

EX 

<SF'), HL 

i STK^TIPN, WAIT) HI 

0P8:< W 

1288 

RE.1 





1208 

i HFdlE: 


WD oivup: 


1289 

f 



0284 ClPHe2 

121.0 

BCTOV: 

C«l. ONHIC ; GENFR8TE FO.t«H.81lP 

82F!7 E7 

1211 


EX 

(SP),Hl ; W »• Kt, TOF'^ fMT2 

8288 C5 

1212 


FlISH PC 

6289 8880 

1217 


ID 

8,0 

028F: 79 

121.4 


ID 

8,C 

82PC C879 

ll'lb 


SM 

C 

828f: 09 

1216 


FDD 

HI,PC 

028F IE 

1217 


ID 

C,8 

0298 E8 

i:>18 


EX 

OE.,Hl. ; Ft - FiROl, IP ^ FiCf; 

0291 ED88 

1219 


LOIR 

i El =' EKOl FlH(i+l 

0297 Cl 

ll'I'O 


KP 

PC 

6294 01 

l?i'l 


KP 

[p 

6295 ;* 

1212 


OEC 

W i ♦* FIX ♦♦ 

02% e;< 

1227 


EX 

(SP),Hl i W ^ Hkia TCP HKU ElHCi 

0297 C5 

1.2'21 


PUSH PC 

0298 8888 

1?I'5 


10 

PAi 

029fi 89 

1226 


WX) 

W,W: ; W. flCl.:+SI7E/2 

0298 C:l 

1227 


KP 

Et 

629C 00 

121'8 


DEC 

C ; ** FIX ♦* IPLIPHEHT S17E 

0290 EH 

II-PS 


EX 

IP, Eft ; W ^ HWil', IP ^ HCC, TCP ^ hktilElilG 

029E IH 

12:<0 


IPC 

IP i « EIX ** 

029f IP 

1271 

OIVl: 

IPC 

IP 

0?fl8 FP 

12:C' 


XCP 

H 

02ftl 

i2:<:< 


SYSTEM HE.m ; 8Ki2 ^ -8Wv’ (IDS (DMP) 

K-HT 

1271 

Olv;': 

SYSTEM I'RI'l' ; REnEW.i UMTTl MPKiM 

8285 :<88H 

i2:<5. 


JR 

f:,01V<-E 

0287 'A: 

i2:<6 


U*: 

H ; CP UtlDL KPE' (WIEII > 9'J 

02HE! 27 

1277 


IPP 

' 

028<( AiEH 

1 2C<H 


,1R 

Er/.D1V2-* 

0288 El 

12;<9 


KP 

Eft 

028C 7E.EF 

1218 


ID 

(Hl.),CiEiH 

02tiE Cl 

i:'ii 


KP 

HI,: 
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113 





Ik Mil 16-1 


Km 

124 < 

I>1V.< 

9VSIH1 liKO 



1244 


SVSiKh I'HI'I' 


K< 

i;Mb 


KX (K.k),H 

i II - ftkiil 

» 

1246 


Wr C HI 


02H / r/ 

1247 


ID (HD.ft 

; SfiVK HNKMKk IN HkUl 

9m B 

1248 


tX (58), H. 


9m «) 

1248 


t)f C (; 


mm ;«t :< 

12bfi 


Ok N7.1)lVl-» 


9m H 

l?bl 


K»* HI 


m) C:l 



kOf- BC 


9m iK» 

1,»? 


Ok D1V4-1 



1254 

; SUBBWniNK. 18 (*-MKWllK HaUHlIHlt* (JN INK SIHCK 

eece doh 

1255 

CiNfta; 

K»' IX 


K>f? ff 

125f 


XtK ft 


82c:< A9 

1257 


11) C,ft 


ecc -1 

1258 


SV51KM DftBS 

iftkfil^ Vftllt 

9eC6 EB 

1259 


KK OK, Hi. 


02C:7 

12fB 


SVl.TKM OflBS 

Vfti tf 

BJKS EB 

1261 


KX OK, HI 

iKLHC*^ IF NKli HNS, KISK 

02CR 6? 

1262 


Li> H,ft 


WCB 6F 

12f.:( 


10 l.,ft 


K!CC 79 

12*64 


10 aB 


«GCO E5 

1265 

Huni 

PUSH HI 

;»»RfnK HCC ON .SlfCK 

KCJ-: 1»D 

1266 


DON? MU.Il-l 


KOe 47 

12*6.7 


LO H,ft 

iki-siOkK: sitk: 

93M 19 

1268 


ROD 11,58 


B2D2 C5 

12*6.9 


PUSH BC 

i SHVK SKiN 

0203 F.S 

1270 


PUSH HI. 

;S«VK SIHtX POINIKR 

02D4 E5 

1271 


PUSH H . 

iSWVt HtJ; KilNIKJ( 

»I« H)««( 

1272' 


10 advctu) 

;RK5T(W; ftMi2> PfUNlKk 

02f)8 F[)fFftR 

12'7:< 


u> i.,(jv+(;h.) 


4fi 

1274 


ID C,B 


02OC DOfB 

1275 


OP <IX) 



1276 


jDKCIMfl Mil DPI V 



1277 


;G1VKN: OKroftWil, Hi:>ftKli22, 8^17872* 


1278 


,• <5I7K/2'-l ftSSUMKO K.VKN) 


1279 


jRKlUkNKO: HkGi^M-k, 08 (« tWM-LUW 


1280 


/ 



12*81 


i 


02OE CPCH(i2 

i;^* 

BOilt: 

(M.l (iNftW; 

; (iKNKXftlK. HCCUM 

e2F:i 7E 

12*8:< 

mn:* 

11) a (HI.) 

;ailH 1 l oop CCIWT 

9at2 ?3 

12*84 


INC HI 


9091 B 

12*85 


KX (SP),Hl 

jHIXtC ftCl; 

909A H7 

12*86 


HN[) ft 

ilF IHi, SKIP I1U1.1 UKf* 

0»:5 

1287 


JR 7,MULT4-1 


ea-:/ kb 

1288 


KX OK, HI 


e2FB 

12*89 

HlllK: 

5V5TKM OftOO 

i K15K Hinmv 

0?K R ft? 

1290 


FlNO H 

i aoRk IHK (ftkkv Bn 

WKB :<i) 

12<H. 


OKC H 

jOfClKM OKM-HKNI 

02K(; 27 

1292* 


OHft 


B?H> m9 

12*97 


Ok N7,Mlin7-$ 


9m K B 

12*94 


KX |.‘K.,HI 


«?Fe :.»? 

1295 

W.ni: 

INC HI 

; mW-MKNT OKOflftl. ftCC 

02K1 91 

1296 


KX (5P),HI 

,W>ftWi2 

K!K ? W) 

129? 


OKC C 


k?k:< rwc 

1298 


Ok N7,MII1.12-1 


ft?fb K1 

12*99 


WiP HI 


fi?K6 K,1 

i:<Mi 


H*' H 

,l<KSlliH S1H1K PdINIKk 


114 




116 


02F 7 t l 


. 115 . 

KK-^ 

02Ft; 

KK' 

. 

KKH 

1+ 

»F‘) (5 

1383 


HUSH 

IP 

e?FR 40 

1384 


IP 

(;,0 

tiTF R 06(41 

1385 


IP 

0,8 

02F D «<:<9 

1386 


SM 

c 

82FF 09 

1307 


flPP 

H.,0C 

me (K'l 

1380 


SIH 

c 

03«' Fl«l 

089 


LPIk 


0384 (1 

1318 


0(6- 

PC 

0305 C5 

Oil 


rilSH 

HC 

0386 C8:« 

130 


SM. 

0 

0380 HF 

130 


X«( 

8 

0389 06 

1314 

HU 15: 

OR 

(U) 

030f( 23 

1315 


INC 

HI 

0380 i0FC 

1316 


PJN7 

MUL,T5-1 

0380 07 

1317 


HNP 

H 

030F 2003 

1310 


,TR 

7, HU 17-1 

0310 3fcFT 

1319 


I.D 

fl,8FFH 

0312 12 

132-0 


IP 

(Dt),fl 

03i:< Cl 

132-1 

HU 17: 

PtP 

0t. 

0314 FI 

132-2' 


POP 

m. 

0315 (»41 

1323 

81V4: 

01T 

8.C 

0317 20K‘ 

132-4 


JR 

7,MU.T6-1 

0319 

1325 


SVSIFM WPC0S 

031H El 

132^ 

MU 16: 

KP 

HI 

031(: IBFD 

132-7 


DJM7 MU 16-1 

0316 C9 

132« 


RET 
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W-Vitn-I- Si(iH 


KIF 

03?1 

03» 

«rs2^ 

mb W 

mv 


iWCK KK (WmdW 


i Sti H flt& 

iOFlK S1C« HNt) 
iNfeWIF am IF NtttS5«(Y 

iRF.MCftL ORIGIHHI SIGCX KUNTtk 


i:<29 

iJSh 

UJi 

im. 

1333 

1334 

1335 

1336 
o:<7 
13:<8 

1339 

1340 

1341 
042 
043 
1344 
045 

1346 

1347 
040 


m> SUBTWCT 4 ffH) 

GIVFN: l*>flW,il, H iXiRCC? 

0=SlZF/2tl 
Rfniw:i>; fMii^f»6i*:k 
W1)SB: SVSTFH WDtW. 

PCt«): SYSIFM KDNfcG 
tX Pt-Hl. 

SVSltM KDNF.li 
FX \*,n 
6V6TFM IM* 

; Fltt) Ffll l imO 


iDFClMft SltiHFI) MFKiNnW>F 

iGlVF.H: lt>Htv'G <10'S (IWIFMLNT) 

; H^lTFA'+l 

iRFTURNEl): ftFH (61CiMF[) HHtW IIW.) 


032-9 60 

1349 

SO^MC: 

ID 

L,B 

032-8 2P 

OMl 


|)f.[: 

1 

832H 2'6Wi 

OSl 


IP 

H,8 

0321) 19 

i:<52- 


HPP 

HI,IP 

032-1 7f; 

1353 


IP 

H, (HI) 

0324 FF50 

i;<54 


fp 

58H 

8331 1)0 

r<55 


RFT 

(: 

83:c' FH 

1 <56 


FX 

14. HI 

83-3 

1 '5.'' 


ID 

8.(1 

03 <5 *4 

OSS 


5H( 

H, (HI ) 

03 <6 27 

1 (SS 


I'HH 



;HI.>FWihH-1 (SIGN WIF) 

i IF KiS (Sl(*( NIHM F<5) 
iFXll 

iFt‘'F 10'S ((4ll1FhFNl 
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118 


117 - ^ 


m y 77 

1360 

10 

(HI)>A 


1361 

1N8 

HI 

ms im- 

1362 

01N7 SOSMfil-l 


1363 

Wt 

HI iAH) S11 Sl(«l HIl 

KOT 7^ 

1364 

ID 

A,<ll) 

0:<:<D hwa 

1;!£65 

(Jk 

00H 

fC<:4 77 

1366 

ID 

(HI.). A 

(9 

1367 

RIT 



1360 

i 



1369 

i 



1370 

Nimi 


071 

j 



07? 

i GlVIN: I* ;i0Mi (5.K4I-D HfiCiN) lUH > 


1373 

i 

B=-S171/2M 


074 

;Ri;7UWIlD; (Wi <10'S (tW IhlNI) 


1375 

i 


0341 fS 

1376 

BCDNQ; ID 

LB i«)AI«B0-l <S1C« BVTl) 

«42;» 

1377 

DEC 

1 

074:< ym 

1378 

ID 

H.e 

0345 19 

079 

ADO 

II.D1 

0346 tSTf-: 

i:<00 

81T 

7,(HI) itXlT IF KiS 

0348 (* 

1381 

RET 

1 

9349 ;<6fe 

1382 

I.D 

<li ).0 ; (lEAR SKiN HVTl 

0340 f» 

i:if83 

IX 

DE.Hl 

034C ffr 

1384 

XCiR 

A ; UEAR CHkkV 

0341) :€9e 

1385 

fCDNGl: ID 

A.0 ;ELSt 1.9'S CtW-lJUNT 

034F 9F 

i:<86 

SBC 

A,(HI.) 

0359 ?7 

1387 

DAH 


0351 77 

1388 

ID 

(HI ).A 

0352 23 

1389 

INI' 

HI 

035:< 10F8 

1390 

0.1N7 WDHM-l 

0355 iS 

1391. 

RE1 



139? 

i 



1.393 

} 



1394 

;[».CII« AOSll.ini. 


1395 

} 



096 

;(iIVFK: Dl>AWi (SKffrO I1A(«)HW) 


1.397 


B^171./2*i 


1398 

;R1:T|IRNEI): C^C+l 11 SH*I WT (IIARIO 


1399 

i 


0356 60 

14fa 

SDf»e.: ID 

LB 

0357 2690 

1401 

ID 

ae 

0359 ?1> 

14K' 

DfC 

1 

0359 19 

1403 

ADO 

W..[!t 

0350 (071 

1404 

BIT 

7, (H.) 

9350 (0 

1405 

lilT 

7 

935f 3600 

1406 

ID 

(Hl).0 

0360 103106 

1407 

INC 

(1V+(0C) 

0363 (9 

1408 

Wll 



1409 

f 



1410 

i 



1431 

;K0 (HlHCil SJfiN 


1412 

f 



1413 

i(j]ViN H!:>HWi 


1414 

i 

(SliiHlt' HhiJIIiHOI) 


1415 

;M-lll1-NID: HU. SJU! Ill HUM IW NllO 


1416 

t 


03M 48 

1417 

w:«0' 10 

C.H 

0365 0600 

1418 

ID 

l!,0 
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120 



119 

07(>7 «) 

1'159 


1# 

(: 


03«! 

5'12'0 


HDD 

Hi,K; 


vm n 

5't;'5 


ID 

H, (H) 


036H FF8H 

54;':' 


m 

80H 



5423 

; NHI16: 


S61 HVl6 


0m: 77 

1424 

hSlIH: 

ID 



0360 O 

54:'S 


ktT 




5426 






5427 


1 




14;« 


iDtCIHfIt fM) 



1429 
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m2 

i B LIMll 

f«LC.K WfHIVFJ)? 


0668' WXW446 

»/:< 

M'^-CllH: PIT 

VFiClML(lX+VttT«0 

06?;< mi 


JR 

7,M'j^C:l6-f i 

HVFCn6 IF NOT 


207S 

i PFRKMI I IMIT MXK 


06?^ ?t: 

:?076 

LD 

aH 


0676 t:< 

il077 

FX 

<SP),rt 


067/ 46 

2878 

LD 

B, (Ml ) 

LIMIT TO 8 

067f; B 

2879 

INC 

It 



;!!080 

; HHNDlt Sl.lWTiLV 1 F6S Tfekd (JtSl 

0679 FF.Cf 

2881 

tP 

287 

HHimiNT BtlWFFN 160 HND 8 

0678 :<C*7 

2882 

JR 

NC;,MVF.C12'-1 

jurp TO F0I1 IF >287 

0671) 88 

.'eiJlc 

CP 

h 

DO UMPffrf 

0671 ;<804 

2tti4 

JR 

(:,l1VFCT2'-f 

JIWP Fhil 

06tXi 46 


LD 

B, (HI.) 

IMl-R 1 mn iPFCX 

068J 88 

^>886 

fp 

8 


0681' 

2887 

JR 

c,Mvici:<-i 

JUMP W P0SS 

0684 7? 


IWFC:12': INC 

HI. 



2889 

, H 1 inn MRi: IXCtF'+D - H-T (tCikD)H0IF HI 111111 

068b ()f)7(iii:< 

281.8 

ID 

(1X+VBCH.',B 


0681! [)l'<«i.'!((8 

201)1 

ID 

(1X+VB(1 ),8 


868( l)()(H(i4i'l 

2092 

SF.I 

V1«.HT,(IX+V1<:(J«<) ) SFT IJMIT HTlHlIfD 


289.< 

j 16 kF.VFRl-6. 

l.'il.lH UfiJCiN I'tT? 

069ti H, 

;w4 

PC»' 

M- 

HfKN IIP STHCK 

0681 L'l.'(.8H441. 

209!:i 

Pll 

VFt.RFV IX+VMtHK) 

8696 88 

;'8% 

RFI 

7 

tHIlT IF N(Jl 


my 

; VIVFKsF ihC PlMUd 


0691. ; H 

,'890 

It) 

a i» 


H6'</ ll 

;'tMS 

(M 



0f.<<: S 7 

21(8 

ID 

l>,H 


069s 78 

2101 

ll> 

at 


0698 » 

:6«?. 

CPL 



0698 Si- 

ms 

ID 

F,R 


0691 B 

'Am 

INC: 

DF 


069f) wrm 

218S 

ID 

(1X*VH«1 ).F 

i STM<F MX 

0(«i DOT'.'W 

2186 

ID 

(1X+VW)CH),D 


06fl;< C:9 

2187 

RFT 



06W 23 

2188 

IM.CT.C INC 

HL. 

STEP F«51 LIHIT 

e6Ks t:< 

2189 

F.X 

(SP),H1 

H. s (ICfcDINHlF h(»l)M 

0686. DD TSe? 

2118 

H'ACT6: l.l) 

()X+VBC1),l. 

5TM<6 B0tX (MiKDINHIFS 

0609 W)740:< 

2111 

ID 

(1X+VW,-H),H 


060(: 81 

2112' 

W 

HL. 

; ISSTCIKF LIHITS KllNTP-R 

06M> C)««t49l 

115:< 

RES 

VBaHLdX+VBCtMO ; (IFHR HITRIHFD Bll 

06W » 

21.14 

RFT 




2116 

; t************************** 


2117 

i • P01N1 M-CItlNCilF kdiniNF ♦ 


2158 

; icmt*********************** 


2119 

i N0I1F; 

P01N1 rectwwf: 


21^0 

; IWUl: 

0 - cccciR H0i« TO nriif; 


2111 

i 

0 •- V S12F 


2121' 

i 

c - X sia- 


2123 

i 

D =" V t«M)lN0TF 


2124 

t 

F. - X CtC*D)Nfi1F 
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144 


0EK ' HE 

r-ift 

MEHINT 

: Xlfc H^ 

06H;< HMEHE: 



CH.I kEllHl 

im EH 

?1?7 


EX «,Hl 

0fH/ (M-l 

I'li'H 


SET 6,H i 

9m !);<«; 

lEia 


OUT (HHGlO-fl 


riiH 

i 

Xt»< H 


a:<j 

i 

LI) (IR1HHI.),H 

0fW: El);>EWf 

?i;c' 


ID E:.<lV+r»H) 

H6W 79 



ID H,t; 

H6HE HE 

2i:<^ 


RWli 

0(«1 HE 

a.;<5 


kktJi 

06(:i. E.63E 

a:<6 


HHD ;<EH 

H6r:;< :<t: 

:diy 


INC H 

Hec-i b? 



LD D,H 

eecb ib 

?i:<9 

MKll: 

DEC D 

H6Ct 2Ht:T7 

?i.4H 


JR 7,Hkl7-$ 

H6($; my 



LD a HEEH 

eecfi Hti'HE. 

'AA.2 


(«J. SlklkE 

H6Q) T&E^> 

2iA:< 


JR ME'Tj-$ 

H«> 79 

2i*A 

HHI7; 

LD a C 

H6W1 fm 

'Mb 


HU) h;<h 

Hflj;' KC 

71.46 


INI: H 

HM):< 4E 

7147 


LD C,H 

H6W HE 

;i48 


XtiR H 

HI) 

:.'149 

hF'i;<: 

DEC (; 

eew.. »(i6 

71HH 


JR 7,Mk14-f 

H«)H 0E 

'Mi 


kR(fl 

«.()9 HE 

'2ibi' 


kWEl 

H6l)H 

;'ib;< 


HIX) ailHHHtXiftH 

HtJX: 1EIE7 

;'iE'4 


Jk Mki;<-$ 

HfW Ct'ErW. 

IHSE- 

MH14: 

CM.I SlklkE 

H6E1 ftf 

I'ibC. 


Xtk H 


I>lb7 

i HW) EHII INld ... 


'2ibif 

i STklEE EHlNlEk 



i HI - 

Hl.DkESS IE SlklkE H - 


l-lEEi 

; (HIT HI -EH 61 H ■- Cl (EEEkEH 

H6E7 yb 

7161. 

SlklEE; 

kllSH HI 

H6E:< (fi 

r'167 


K^H K: 

X'TlltE 

7167 


ID (lliElllEll ),H 

Hf.E7 -^HTt 

7164 


1!) adlWIM+KKirt!) 

P'SKi ‘IE 

7166 


ID (;,H 

Wl: 

, ‘166 

^ikE-l: 

1 D H. E 

Hf EC: HE 

7167 


XIE (HI ) 

(HI' HI 

716H 


HHD (: 

(HI HE 

71 nH 


XDk (HI ) 

HHEE 77 

EH 7H 


ID (HI.),H 

H6E11 71) 

7171 


ID ai 

0W-1 im 

l-lTl' 


HIX) aE^i'TEkl 

H«-:< EE 

;'i7:< 


ID L,H 

HeEl 7C; 

7174 


ID aH 

0EEb (EHH 

E-lTb 


HOC an 

eEE 7 & 7 

:'i76 


ID an 

heee; im 

l-l?/ 


DJN7 STkkl-f 

H6EH c;l 

1-178 


Kf K: 

H6EH El 

;.'179 


POP H. 

H6E(; 21 

;'iHH 


INC HL 

06EI) C9 

i'lHi 


RET 


'Ml 



71H4 

i ♦ WkllE kdtITlIJES * 


I'lSb 



INIHGIC THL lit* U*** Hj)Dk 


HdW-: THE Win 
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'AW 

awi 

2189 

2198 

2191 

21 %' 

2193 

2191 

219S 

A% 

2197 

2198 

2199 
^^-88 


jl45 

NdihS: 
lNK.n; 


146 


iHt »Nt.k8l (MlJNCi 9t(AllrN(;t. KC^ 111: HklU ISJUIINES IS: 
H - HHlll-Mi («)I<FSS 
D ^ V 


t - X aCMJlMHIb 
8 - V SlZb 
C - X SJ7F 
fl - Mftttlf; W-CilSlKk 

WIFUT: Ot ^ S(:W-tM rtOkfSS IISH» 

THHSK k«JT)NI-S HRH hfl-SlH), FOR IXHI'IK.F Mkllk FHII.S INTO 
HRIIK WHICH KfflIS IWIO MklL WHICH (HILS IMIO HRllH 
F.mkV: FfcllF FkOH VF.CKIC 

INHO: HL - PRIIIFH hOOttSS 

IX VHClOk hUOklSS 
ClITHIT: l*..H 

Slot FFFFCIS: Ffl.HNK 811 SFH IN VtClC*: SlHllC'. HVlt 


8ftt; OOTFPO 

2281 

HVW;)T: LD 

fUlX+Vlillk) i IC«) Mk 

87W ODSMif: 

'A'K' 


ID 

DAIX+VHVH) ; ICXDV 

87W mm 

7'283 


CD 

F.,<!X+VP>H) ; IC«) X 

8707 [««ilF6 

2;'81 


SFT 

VFMNIOdX+VHSlhT) ; SFl FtHNK HU 




tNlF^*: 

WkllF kFLHIlVF. 


2286 


KKH.IF1-: 

MftlllNCi ktlhllVE PftTlFkNS 


2287 


INHCl: 

HL,I*,H 


'Am 


cun KIT: 

DF 


I'm 


NOTtS: 

PHTlFkH IS PkFCl-FlXI) RV kFI HU'VF DISH F^tHFHlS 


I'218 



<X llkSL IMIJ V) HND PHllFkN S17F. 

8708 FS 

Z'ii 

MWklTR: KISH FiF ; SHVF Mk 

871<: 7F: 

2212 


I..1) 

; (£1 kFl X 

070I) 23 

:'213 


INC: 

HI 

878F 83 

27'! 1 


MX) 

ft,F i MX) 10 SllfFklC*: X 

078F 5F 

27'! S 


It) 

F.,H 

8710 7F. 

27*16 


CD 

ft (HI) i Sflif SlOkV FOk V 

8711 ?;< 

7*21.7 


INC 

M. 

8712 82 

7*7*18 


MX) 

ftl) 

8713 b7 

7*7*19 


It) 

D,R 

8711 Fl 

27*7'8 


POP 

M 


27*7*1 


FNTkV: 

WkllF. wnH pfiiTF:kH sitf. schkemi* 


7*7'7'7* 


KlkPO?.F: 

WF'JllIKi VHklfMF SITFD PRVlFKNS 


7*7'7'3 


INKH: 

Hl,tX,H 


27*21 


(XnPUl: 

IX 


7'7'7'S 


NOTFk: 

FlkSl IWCt F^iiTFS POINlH) RT HV HI HkF IRKFN 


7*7'7*6 



10 F(F PRlIFFU S17FS (X SJ2F FlkST) 

871S IF 

7*7'7'7 

HI*;111*: ID 

( ,<«) i (Cl X SJ7F 

871 f. 2:< 

:';'7'8 


IIX: 

HI 

8717 16 

7'7'7'9 


LI) 

K (HI) ; HND V 

8718 23 

2238 


INC: 

HI 


7*7*31 


FNikV: 

Wkl lF WITH (:«M)1NH1F (ONVFkSlON 


7*7*32 


1IIM.ll; 

HI..1X,W;,R 




(HHHH : 

DF. 

87 1'-' (I'i Mill 


l-ii 

Ml IHII 

hM-lHl: ; iXi (OIWFfMOW 


/, ’ '.'.1 


FlllF-V 

HkllF H’-.iKlHF 




INI in ; 

HI ,C:(.H fis HMi'yI 


;'7’<7 



Dl ^ UlF SikFFN HiDkFSS 

871 ( C:F:;'7 

27*38 

HHkl'IH: HIT 

HkFKiKR ; Flop HkllF HRN1F1)? 

071F '.Ki: 

7*239 


,1R 

N-AMWklFC-i ; HHklFl IF SO 

07:'8 mt 

7*218 


HIT 

HkXPNMl ; FXPRNI) HRNIFD? 

'Alii 

7*7*11 


Jk 

N7,t1HX-l ; TIN* IF SO 


7*212 


; DO N(«m? NkllF 

8721 HF 

7*7*13 


Xt« 

R 

072ti CS 

7*211 

HWkl: F1ISH HC 
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148 


147 


am. i)f) 

21'4b 

WISH [6 


m'Y 47 

2'2'46 

ID 

KH 

i TIRO RHilSllR 0 

eTil: KIWI 

2'2'47 

IDIR 


j NRIIE ft LINE. 

07r4l i2 

2'2'48 

LI) 


; KUSH in- SHlllFR 

0721! Iti 

2’2M9 

Wl- 

Dt 


0721; 

2-2110 

EX 

1)1, HI 

i fOVftHCF TO NIRT LINE 

0721) Hel-B 

2>2'bl 

L.D 

l:,0V11W. 


0721 09 

m?. 

ADD 

HI.,W: 


07:<0 YB 

2'2'b3 

IX 

1)1, HL 


0?:<i « 

2'2'b4 

m- 

PC 


07:<2' i0H 

2'2'b5 

DJH7 MWkl-i 

i LCO- IE HORt G0(C)1E_S 

07 :<4 C9 

2'2'b6 

klT 




21-b7 

; HkllE EXMM*.!) 


0?l<b iB 

21-50 

nWX: EX 

Dt,HI 


0736 

2«>9 

MWXl; WISH HC 


07;<7 

2-260 

W ISH HL 


0730 41 

2261 

II) 

0,C 


0739 ifl 

2-2-621 

HIK': LD 

fi,(16) 


073R 13 

2-263 

INC 

DE 


0730 77 

2-2-64 

ID 

(HL),R 


073C 2(3 

2165 

INC 

HI. 


0730 77 

22-66 

LD 



073t: 2?3 

21267 

INC 

HL 


0731 10F8 

2-260 

DJHZ mx2--t 


0741 70 

2-269 

ID 

(HL),0 


0742' 2'3 

2-2170 

INC 

HL 


0743 70 

2-2-71 

LD 

(Hl.),B 


0744 14 

2-272- 

pa- 

HI 


074b 0F21i 

2-273 

LD 

C,0YT1PL 


0747 09 

2-2-74 

ROD 

Hi,w; 


0740 C:J 

2-2-75 

m 

it 


0749 IttH 

2-2-76 

DJN2 mxi-1 


074H (:9 

2-2-77 

kE.1 




2270 

; Pt^niHF 

m EHIDLE. 

HC6PtD CftSl 

074C: CHbl 

2.1279 

WMll : BIT 

HkXPND, H 

i EXPftNl6D 1L0I61.D HRITE HHNTED? 

0741 21«6 

2-2-00 

JR 

NLIIIXE-I 

f i JU1P 11 VEP 

BTbB ft! 

;>26fj 

XDR 

ft 


07bl a 

2-2-02 

HWLi: WISH HC 


07b2' Db 

2.-263 

WISH 16 


07b:< 47 

2-264 

LD 

H,ft 


07b4 

2-2-05 

MW 12: IDl 



07bf. IH 

2-266 

W C 

W 


07b7 IH 

2-267 

16 C 

16. 


0?*:.!'. iHv:ei7 

;-2.-00 

JP 

Pl,l'lkEI2- 


07b0 12; 

2-2-09 

L.D 

(16.), ft 

i KUSHLTH 

07b(: 1>J 

2-290 

HiP 

16 


0,M' 10 

2-291 

IX 

16,HI 

, Sftl6 fiS W66iH H(61 (41 

07M i't-:9 

2'292' 

111 

1, HVlEPI 


(Cm (i9 


HID 

HI .W: 


0.>.1 IH 


IX 

16, HI 


0762' i1 

22-^5 

W' 

K 


0763 1«(: 

2-2-96 

DJH7 VKlLl-l 


076b C9 

2-297 

Rll 




2-2-90 

; MklTE IXPHNI6D WCiWlI) ROiniNE 

0766 10 

2'2'99 

MMXF: EX 

16,HL 


0767 (9 

2-300 

HMXEl : WISH W; 


076f; lb 

2'3W 

KISH HI 


0769 41 

2-302- 

ID 

H,C 


07(41 jh 

2-303 

114X12: ID 

ft, (16) 
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150 


I*;.: 


149 % 


vm B 

2:<04 


IHC: 

DE 

«7(£ 77 

?:<0b 


ID 

(HI ),8 

e?fl) IK 

2;<(i0 


DtC 

HI 

0?6lr 77 

?:<07 


LD 

(HI >.8 

0?6f 2H 

2:<08 


WC: 

HI 

0??ti 1»8 

:';<08 


DJH7 l1WXK2-$ 

07’/i' 70 

2:110 


LD 

(It). 8 

077:< ?H 

21<H 


DEC 

HL. 

W 

2:si? 


LD 

(HL),P 

0775 H 

?m 


POP 

HI 

mh 

21114 


LD 

C,HVTEK 

8778 08 

I'Klb 


8DD 

HL.PC 

0778 Cl 



FOP 

EC 

07'7H j0U: 

2 m 


DJIG HWXEl-0 

077C CSi 

2:<i8 


RET 



2:<L8 


NfiME: 

W.8NK FROM VECTtK 


2320 


MlWltt; 

P1.8MK MIIH IWO LtM) ERC*! VEClCfc 


2321 


INPin: 

IX - VECTOR 


232C' 



E X SITE 


TT'K 



D ^ V SITE 


2324 


NOIES: 

1H1S R0L81F4 H..8M(S TO 80 


2:<2b 



1H1S RCCTIII INTLRRWiHIES THE LtHNK BIT 


2:<2'0 



8ND REERHlie. EROH llHMKlNCi IK NO! SET 


23;'7 



IF IT ItfiS SET, IT IS THLK REStT 

0770 W)CWii76 

2:<'8 

HVM.HN: HIT 

VPF!LM<.(lXi-VHST81) ; IS FtHNK BIT SEH? 

0781 (S 

2328 


RET 

T > QUIT IE Htn 

0782 Ol)CW« 80 

2:<:<0 


RES 

VF41NK,(1X+VHST8T) ; KILL. tl8lt< BIT 

07C* 

2331 


ID 

H,(IX+VH!8H) ; 1(00 B18NK HWW.SS 

0788 ODCtCO 

23.<'' 


LD 

L,(1X+VH081.) 

078C (>O(:8H07(. 

2333 


PIT 

MRH0P.(lX+VF»iR) ; IS FLOP SET? 

078(1 2808 

2334 


JR 

T,HVBLFd-$ i JlfllP IF NOT 

0781' 7H 

2:<3b 


LD 

aE >XS12»Ttifi 

078:< Klvj-I 

2336 


NECi 

i THIS CaiPLEMINI HNO HDD 1 

078b :<(: 

2337 


INC 

8 

078('i 'IK 

2338 


LD 

(8 8 

078? 08KK 

2338 


LD 

H,(iFETI 

07)^J 08 

2340 


HDD 

HI., PC i USE TO H8(X 11' SCREEN HIXXl 


2341 

i 

HCMHC'IC THF M HNK HDI)kl:SS 

078(1 

2342 

FTAm; 


07‘)fi CHK'( 

2343 


SEl 

0,H 

078(: 0f.(i0 

2344 


ID 

H,0 ; HSSOMh PIHIt; 10 TFRO 


234b 


FtfJI- 

PlJtIK 8kF8 


2340 


MIkPOSK- 

SF'lTlNCi H X H RFiilON 10 COtE-lflNl 


2347 


INKO: 

Ft - K.HH( FliDRESS 


2348 



E - X SITE 


2348 



D ^ V SITE 


2<S(i 



H - DHIH 10 Fill HUH 

078( ih.H 

2,<bi 

|■MllUK: ll> 

H.HVIFM , CtNIKIIF 1 11* lICFlilNT 

(VH(1 



4 IH 

F 

07W 'IF 

2:<b3 


ID 

C.8 

07H2 '78 

23b4 


LD 

ai: i 8 D8T8 TO Fill. HITH 

07R< 'i;< 

23bb 

!fil8N}: ll> 

P-F 

0784 77 

23b0 

lUfiNC^: ID 

(M ).8 

07Hb ?3 

23b7 


INC 

II 

0780 10K(: 

23b8 


DJH7 l«.8M2-# 

0788 08 

7158 


ROD 

It. PC 

0788 lb 

2300 


DEC 

D 

0788 20F 7 

2301 


JR 

NT..HBIHW-0 

078(; O 

2362 


RET 
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152 


151 



2L<6:< 

i 

NHHF: 

Rf ST(*<F HRFH 


?:<64 

} 

IHHIT: 

HL ^ SIOFFN MORESS TO RFST(6£ 10 


2:<65 

i 


Ofc ^ SH'VF Hki:H HODfdisS 


2:<66 

i 

NOri: 

SIZES HRF l.Cffcfl) FR(«1 IHF. SfIVF H^-il 

e7H) IH 

?3i.7 

HMrST: f.X 

OE.H. 

07flt. Ai 

?;.<60 


LO 

C, (HI) 

07flF ?J 

2:<69 


INC 

HL 

0708 Ak 

?:<7e 


LD 

0, (HI.) 

07W. Z< 

2;<?i 


INC 

ft 

070? (HF? 

?y7:' 


SIT 

6,0 j HRKE HI HRF. HOtlKflllC 

07M «■ 

?:<7:i 


X(4< 

H 

07Bb Ct> 

?;<74 

HKSll: KISH K: 

07W. [)b 

2:<7b 


KISH OF 

071: 7 -4 7 

2;<76 


LD 

0 ,H 

0708 FW* 

?:<77 


LOIR 


070F1 F.0 

?:<78 


IX 

OF.,Hl 

0701:: 0 

?’'!79 


Hf 

HI 

07K:: 0fc;'0 

?;<00 


LO 

C, BYTFil. 

0701: 00 

2:<0i 


HOO 

Hl,0C 

070F 10 

2:<02 


F.X 

of:, HI. 

07(0 C;l 

?:m 


POP 

k; 

0 ?(:l 101? 

?:m 


0JN7 MRlSTl-l 

07C:< C0 

2;<0b 


Rll 



2;<07 


^^1r********i***t************* 


2;<00 


* (:H(lM<:il.k OlSK.hV WHlItHS * 


?'m 




?r<sif 


NHHL-: 

01SK.HV SlklHO 


rm 


Kmff’: 

HESSHOF; OISKHV 


239? 


INKII: 

1,0 - X, V CWikDINHlFS 


2:<93 



HI - STRINO h(X)W:SS 


2294 



IX =• K«1 !)FS(R1P1»< 


229b 


(inKII; 

0,F. HIF-RFI) fiS IN OISMHV CHHR«:lFk 


?;<% 


SlhCK list. 

4 mis (EXflHOIWi HSF L?!* SV!..M:H) 


2297 


IXM HMlllON: HS l(^f^ (ftflKHCllR IS HMUffl IN, 11 


2290 


IS ItSTlO 1(J(< KllLKi H 11ST ll.RHll#ll(«< ( CHHR - 0) 


2:<99 


IF IT ISN'T, OISMHV (HflHClFJ? IS CfllFO HNO THE 


2400 
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:<802 

; BLIRK61; 1H(.RPMP.NT SQM. 

HND UiPfr4«P TO P.H.) S(JiRP. 


:<ee:? j uriis: hi -> i ctu hddr up :< wis-s 

:<ew i dUIKriS; CIF St! IP HfO< SL-ORf RPHCHtD 


-0 
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173 


0Cj5 eceK 

-<m 

K)N(5(;; lit 

B/i 



eci? 

'jm 

KUSH HL 



fC18 TH 

:<007 

INaCf: ID 




tCi9 cm. 


HDD 

fil. 



0Clh ?V 

:s009 

DffI 




eclc ?7 

:<0ie 

li) 

(Hl>.H 



«:ii) m:< 

mi 

JR 

N7,CJ1PII-$ 




m? 

1N(: 

HL. 



ec-e im 


DJN7 



«Z'. K1 

■(«4 

(WIT: W 

HL 



«:?:< 2:< 

:«ib 

IM' 

HL 



tCM » 

sm 

INC 

HL 



ea-t. :<HiwF 

m? 

ID 

a <(XlW.LH) 




Kwe 

BIT 

Gsitscan 



(:« 


ttT 

7. 



0C;»H ilhMF 

■«CT 

ID 

lX,FHDS(J<*i' 



0c:;i: «.(i:< 

w,i 

ID 

k:< 



(c:<(i jif 

.m- 

imi*’: ID 

a (LX) 



«::<! HF 

M'i 

CK 

(HI) 



0c::<i‘ ;w/ 

:im 

JR 

7.,KFKtH1-F 



0C:.<'» 1X1 

Kei'b 

RFT 

NC 

itHlJM* > SCUkL 


0C;.<^ J'lFWF 


SliFND; ID 

Hl,(imX'.lb 

jLNDStK < SUMi 


0C>1:; OFF 


SFl 

fifvHHil'. (LI) 



fciC'H I'H 


KK! 




W.:<H .1H 


kH-rni I'lC 

IX 




<(V(1 

IX-1 

HI 



ec;<D i«-i 


DJM? tHW(iK-> 



tCKf i»-4 

Mi:c; 

JR 

SHK;Nl>-t 





’Mi 

ktCAjlL' « 

1 rW¥Vl. 

(iLin 



38:<5 

i LIWUSK : HCtJ) Kkl:SK.NT (Mt SCJKfe UNTIL KfcV HIT l« 


m(> 

; SHV HW; (MV 


6C4i 

:<0:<7 

HMJII: 

SVSSIIK STRDIS 


«:-»:< :<0 

:<0:<0 


OITH 48 


«;44 IH 

j!0:» 


DfKH i'4 


ecxs 4C 

3040 


DlKb 010011006 


0C<I6 57«: 

3041 


DF>H (MNR 


6C48 

j(04j' 


SVS1F.H ttlllTL 

; HCIIVHIK IKlhRRlI'TS 

0C4fl 

3043 

HQLHTl; 

SVSSUK SFN'IRV 

i HHIT FIK SDHETHIIJG TO LIHKKFM 

0C4C i4Kf 

3044 


OthW HKKVS 


0C4t KH4 

3045 


CK SI0 


0(56 ?m 

3646 


JR Z^MQUllLvf 

; IRIOER (WWf? 

0(5i^ fiiJ 

3047 


(1> SKVD 

i KKV HIT? 

«54 iXXX 

3040 


JR N7.HQUlTl-$ 

; M(i - KKB' GOING 

0(56 (? 

3049 

MQUll?: 

RSI 0 

i VK5 - RFSET 

tC57 474j4D4!> 

3056 

(inUVR: 

D6KH '(XW.' 


0(56 06 

3051 


DEF6 6 


eC5C 4K5f45S? 

:<m7 


DtFH 'CMV' 


0C6e 00 

3053 


DEFB 0 



3055 

j tt****$********** 



3056 

i * HRd) RttrilMS ♦ , 



3057 



>0068 

3058 


KCU % 

; NL»f€R OF DlSPlflVTD LINKS 

\D£dMi 

3059 

MNNI 

E(iU 6 

i fiXI FlIQD 

>0001. 

3060 

HNHH 

FXllI 1 


>000? 

3061 

HMXa. 

KQll ? 

; STRING HtDRESS 

>000:< 

3061' 

MLftWL 

teu 3 


;>0004 

3063 

fiNGl 

m 4 

i 00 TO HWJRKSS 

mm 

3864 

HUGH 

im 5 
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175 

176 


'sm 

; SVSIFH KiUF:R UP WiUTlEEF 


mi 

'M7 

MMf: L[» a<FlE<Slt:) ; 

(iFJ FEE61 C^ESeiTF LCCfniUN 

0CM FFt:;< 

sm 

tt:;<H j 

ES ET H JIMP?? 

0C:66 CW«« 

~M9 

JP 7,FlkSTC: i 

JIMP I0E1 EF SU 

0«,9 iOCE-iF 


Lf> SKawai 


««: 

:<87i 

SVSSUK FILI i 

(IFElR SVSIFH Rf«1 

«:SF t F-SF 

:<m 

W FM HHikfiH 


fc/H :c« 

:<B7;< 

le w 


EC 7? 

;<ti7‘‘ 

W-.FB 0 


«:?:< ;<;T-F(fF 

■<(i?S 

ID (llklllfil),H ; 

UFhf, SHEFTFR 

0(:/S ?() 

3H7S 

DE C: H 


EC?7 rM/.y 

:<«77 

LD (Tllt[illT),0 ; 

am lEMFUUE WElTCHDUU 

« /H 

:<(i7s 

SVSlIH INI PC 


K'a- 

;<(i79 

DO El'll IS) C 


0C7D 

:<m 

DU SF.IOUT 


0(:A E* 

:<m 

DE:FH <N« 1NE*2)-1 


0C 7F » 

:<«(2 

DFFH *.i 


fCE« (« 

:<E«i 

DI^FH 8 


««. 

sm 

DU at-SET 


0CW 

:<f«i 

DFFH EtEEUf:! 


K84 

sm 

DU ECTINT 



'mv 

EXE! 


««. IIFXH) 

sm 

LD Df^UflHSIk i 

'SQECT UHHF' E6 life 

e(J!9 


ID HI,F1E61C ; 

E6E1WL MENU SIEiRTS EEE CElSStllE 

eta; tf. 

sm 

I D EC (HI.) ; 

G£E F1I6T CftSSHTTE EiVIE; 

eco) ?3 

sm 

EEC HE 


eta FFS5 

smi 

(P SbH ; 

IS SfeHTEHFl THEE(F? 

ecsie ms 

r<Ei9r< 

JR Z^PHRlId-# i 

VEP - Jinp 

ec9? a j«<; 

:<m 

ID HL.CiUNlEEK ; 

HKtWU - USF UHHMM) UM.V 

etsb 

sm 

PHRIM: SVSTEH MFTEU ; 

DESPlflV THF HFNU 


:<097 

> UUiL • 

/ Wfx. 

DESKflV MENU EM) BKEMJE (« CHUECF 

;<098 

; ENKH: 

HL - HFNU LEST 

:<e99 

i 

l€ - FFNU lEie 


jtiw i OllTKn : [» = IITLF tf SaEPlCW MH*. 

31W ; DfcS(«lPTlf«: 

:<!«> i THE- HErMI I Ifl IS fl DNKEJ) UST (f THF FOUOHlNli F(M1HT 



:<iEM 

; ♦ 0 ♦ NEXT ENTRV 

* 


:<!» 

; ♦ 1 * 

* 


:<!.«; 



Kie? 

; * 2 ♦ STREEKi HDDRESS 

4 


:<i«i 

i ♦ 3 ♦ 

4 


3109 

j 4nMnmi***4'****i|<*Hc4<««**> 

1^44 


;<1J0 

i ♦ 4 ♦ EiPFlECH lU ElDteSS ♦ 


:<iii 

i ♦ S * 

4 





310 

i THES USE IS lEPHlNfllED 8Y H NEXT FETlRV FIELD UF 7ERUS 


31.14 

i H HftXlMUM OE ElUHE ENlkVS EIHV Ft DESK.HVFD. 

eC97 E.b 

311S 

N't Nil: PUSH Ft 


ecai F5 

3116 

PUSH HI 


eC99 CttSUD 

3)J7 

CMl. HNCtk 

i CliE#: SCREFH EM) IHI^UWUP EE ie 

test: 

3118 

XYREll, DF.,16,12 


eta mmi 

3119 

ID K:.109H 

i ENlTIflEZF FNTkV e HI® WtUR 

etJE? lOEi 

3i;'(i 

MMENUl: Kt IX 

i F1I6T ENTRY 10 EX 

etW 78 

31 a 

ID H,8 

; SEIFPIUN Ki.«'1E€R TU h 

ecEib C8:<0 

317;' 

ElDD H,'0' 

; FMCF El HSCIE 

0(fl7 

3j;!:< 

SVSIEM CHEDIS 

; HID SHOW 11 






177 


0CH9 

5124 

1.0 

H.'-' 

i DISKHV OHfr.H 

0 (^}< 

51» 

SVSIKH tHkOlS 


KH) 

5i:'f 

10 

H. (lX+Mtl8H!!) 

; HI - STkllXi HOOM-.SS 

Kt* lif-IK; 

5127 

10 

L, (IX+MtlSHl.) 


0 (:[t:< 

5i;'8 

SVf.TKH S’lkOlS 

; OISKHV SKFClKN 

ivH-rd 

.<11-9 

LO 

H.8 


m/ a? 

5158 

(W) 

8,0 

; TO NFX1 1 Ilf. 

ww ^■i'’ 

<151 

10 

0,8 


TO:'; iHd 

-152 

ID 

l-.IS 


(Cdt: e4 

5155 

HX 

8 

i Ktf FNTkV « 

(<15 l*l’t.td1 

-154 

10 

H, <lX+MtW) 

, HI - NhXI FXlkV MH.'K 

«» WX^.Wi 

515J< 

Li) 

l.dXiHNIl) 


m2 Ki 

5156 

PUSH HL 


«0 7C 

5157 

10 

(IH 


BCC-^ HS 

5i;<8 

(K 

1 . 


0CCb 2«)H 

5159 

,IR 

N7,1118X18-$ 

i NO - JUMP PfttX 


5140 

i AT 1H1S KUNI «. ^ e> (SP) ^ 8 

«£? ;<9 

5141 

HOO 

H.SP 

; HL =■ SlftOC KilHIFX 

JCC8 C5 

5142 

(HW.Cc KISH 8(: 


(cts wwei 

5145 

10 

Kl. 01,01 H 


mt 

5144 

XVkKL [It, 16.77 

i FFTOOHtX HOOkFSS 

m> 

514b 

SVSIPM (f IMUM 

; (Cl NIMIH 

0CW. Cl 

5146 

POf' 

8 C 


«»!' ?t-. 

5147 

10 

H,(H1.) 

HOH ixf_s .shf; L«K? 

«»:< H? 

5148 

HNO 

H 

ZM> FNIF.ktO? 

fCJM 

5149 

Jk 

2,lt1FNUb-f 

JUW- IF .8(1 

TO)6 KI 

51.58 

CP 

H 

IN kHFXf? 

0 CD y im 

5151 

Jk 

(:,Nf-.Nll6-$ 

JUMP IF SO 

0 CDH KBH 

5152 

ItfHiJb: 10 

ft, 'r 

Dll) FXTkV - SHOH ? 

ecu) 

5155 

SVSTfcH (HkOIS 


KDD ifits 

5154 

Jk 

HHPNIC-I 

(« FfftCK F(R NF>n TkV 

0 C» M 

5155 

MHfcNl.l6: Kf 

HI. 

THk(« (in flTIkV Hkl-ft 

«t:e w 

5156 

POP 

Dt 

kFSTlftF HFtt) (f MfcNU LI SI 

0 t« 4? 

5157 

ID 

B.ft 

NllftR FMTFkFO TO 8 

0(12 bii 

5158 

HMFNir7: tX 

»,H1. 

HI - FNTkV PTk 

0 (i:< M 

5159 

10 

F,(H1) 

DE =■ NFXT 

0 (1-1 25 

5160 

INC 

HL 


«i5 

5161 

ID 

0, (HI) 


(ttf. iff H 

5162 

DJN7 ttfMI7-$ 

laWT MWN TO FNTkV 

0(18 25 

5165 

INC 

» 


0(19 s: 

5164 

ID 

F,(HL) 

STRING TO OE 

0(lfl 25 

5165 

INC 

M. 


0(18 w; 

51(6 

LD 

D, (K.) 


fctc 25 

5167 

INC 

HI 


0(18 41 

5168 

10 

C, (HL) 

GO TO ftOOkFSS TO K: 

0(11 ?:< 

5169 

INC 

HI 


0(11 48 

5178 

ID 

8 , (HI.) 


(ae u 

5171 

KP 

HL ; 

W. ^ RFTURN TO KJitf 

0(11 11 

517^^ 

Kf 

8 F ; 

THR(« KIT (10 K; 

0(12 (1) 

.5175 

KISH 8C i 

PUT HEM K: (W ST8CK 

0C15 & 

5174 

KISH HI. i 

HM) KIT HHIK OIMIS' kFTUkN 

0(14 107584 

5i’75 

F1N015: 10 

(lV+(tt),F. i 

PHSS WKX TIILF. HOOktSS 

Od ? FO T^-Ob 

5176 

10 

(IV+(*0),D 


0(fH C9 

5177 

kt.T 


m GO HKX 


5179 

NHf: 

(€1 PftkfM Tl'k 


5180 ; 

Kim«-: 

INPUl (f PWKikKI (PTHWS 


5181 ; 

lUUI: 

8 ^ KMffk (f OKiIlS 


5182 ; 


K: ^ Pkoiri 

STkIIXi HOOkFSS 


5185 i 


DF = Hkftllf TITIJ- HOOMrSS 


5184 ; 


HI - P8f-;KMI iri; Hf.lWiSS 
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180 


179 



:<4 0S ; 

0fS(R]8Tl(«: 


:im ; 


IHIS WH.niHI fri.KS IHI lisi-k 10 Klfltk H NIIMHtk 


;<407 ; 

flk8T H Ml-HO hkffltf IS (WHIH), HSltKi IHk SlklMCi 


'180 ; 

KilNlH) Hi l:V 1+ HS II iniK IKI: SikJllfi 'tNll-k' 


:<489 i 

IS |)|8MHVH). HHIIHIH) HV IH- IKCm SlKJNIi. 


:<4.90 i 

(ii lNl.M IS IHIK (HIH) 10 INUfl Irt- lAKf^k. fb.HJOHtJC 


;<i91 ; 

IS HkCWll'lO IH IXIimi SlXkO (WkHClhkS. 


:<49r' i 

NOll; 

♦+ THIS kOUlll# lists IMCi SVSTtH ItVtlS HNO IH: H.lkWIllt 

0(4t: h5 

:<19:< HGl.lP: 

KISH HI i SHVfc MlWitR » OIGITS 

0tfC 

:<494 


KISH H 

«>D (5 

:<49S 


KISH HC 

001:- CWWiD 

34% 


(»i MHCtk 

wa 

:<4.97 


SVSSUK STkblS ; OISKHV 'HITFR' 

0D0:< 00 

;<i98 


Dtth 6 

0004 20 

j;499 


DttH ;<2 

0O(fc 0?J 

-jm 


OttB 40016 

0060 b?6r) 

;i20i 


00 tU t mSTG 

0068 (-.1 

'im 


KIP H 

0069 

'£»S 


SVSIKM STkOlS ; OISKHV HHRl 10 tMitR 

M)60 

:<264 


POP H 

0 oec H 

:<i05 


KC HF 

0060 4? 

:<206 


LO fcH 

0060 Cff 1 

:<267 


StT 6,C ; SET IHJGE (HflRS 

004.0 

:<208 


XVRtil 0€,4&,48 ; LOfiO ItH^BfC* HOORISS 

80i:< 



SVSTtH GETNIIH ; CtT NUMBER 

004 b 

:<2i0 


SVSSUK PHH5. i LET UShR REH) I T 

0017 (f 

:<2ji 


DtiO IS 

004 .8 C9 

J2i2 


RET 


:<?i3 ; 

sitkaniHt-; id cii-hr scREfw m mNU fwo iHktwLif iriifc 

0049 OS 

:<24.4 MNCIR: 

KISH OE 

(Olfl 

:<2j5 


SVSST-IK till 

eOlC 0640 

:<216 


DEFW NtiRMtH 

fWt W*1 

:<247 


OFFH llfHVTFK 

0020 00 

:<24.0 


otto 6 

0024 

:<249 


SVSSUK till 

0O» H044 

:<;'20 


DttH NCikMlt1+(i4*6VTtK.) 

0O2S 4000 

szi- 


DEtU (NiillNt-4j)*HVltK 

0027 SS 



O0F6 bSH 

0028 B 

:<'?:< 


KiP H- 

0029 

:<224 


XVRtll 01124,0 ; llTll 

0O1>C 0H04 

KK-S 


10 C, 01006 

eo2f: 

:<226 


SVSTtH SIRDIS 

0)O;<6 C9 

;<227 


RtT 


:<229 

NFitf. 

CO NlW:!tR 


iZ<0 

INPUl 

6 ^ DISNUM (IPTICNS. 


:<2:<i 


(: r- [}M)1S CfTIdNS tC« tttOKHCK 




Ot CtiCfDlNHTtS OF FtFOPHCK HI<tH 


mi 


H- ^ hOOkfcSS OF MHtkt 10 STHSH NLIMWk 


:c':<4 

OfeSIKinitiH: THIS HHHIHS iHH IHMH H N'.IMHIR KWiM 




tlTHk IHF KlYHdtM) dk TH HfWO CdHlkH. KtVW0lK> 


mi> 


FNIRV PkCK.ltDS CdIM Ifl KiNHl V. (*Tni.lH tXllS 


'mi 


HlitH iHl tdUtllS HV IS PkISStO l)k THt KtlAUktO HHHtH 


;<2:<8 


(« OKilTS IS tNTtkt l) 


X'l<9 


HH'i4-k dt» HHtJO (OmKil MW flSCi 6t UStO TCi 


:<240 


Elfltk H NliHKk. TO list THIS (I'lUm, IH-l IHF Ikll-dEt! 


:c'4i 


THtll kdlHlt IHl fdl UHllI TH- Ht.mKtk VHI WISH Id 


<242 


KNltk 18 SHiiHH IN lilt ttll'KTCK HI4 H PHI IHl TklWiFk 


<24 ;< 


HHIlll III ftdisitk IH tHIkV It IHflN'i THIS IMUtSS 


<244 


IHt KtVHdtlll' IS UStO - ItVWUMt INlttl Ulll UVlkklDl. 
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181 

182 


:<?4b 

i IHIS IS Wit* IC KKtVf KT UllIKi Fk(il1 CUfl LiF'.Kiri 


ICMf, 

i I HkkV IISKF. 


mi I>5« 

m? 

MCitlN: m 


m<?. Hwii) 

:<?A^ 

(M l riMIllll } 

OEHR IHF. MWER 



ID C-ft J 

SEl TEkO DIGITS IN • MU ENfaiD 

(OM. WM<( 

IC-bd 

WtlNl: ID H,(JV+(J<(») 

EMTRV (tmi-IEV 

»):<!< H9 

IC-bi 

m C 


H):5H tf-KF 


HMD XH 


w«; cu 


Rt-T / 

(WIT IF SO 

2'j:<6«) 

:<F'M 

ID HI.,IK.rTMl 


Ci)^e F5 

IC-bS 

KISH W. 


mx 

IC-bf. 

SVSim RHIftlD ; 

kfe««lZE HHU.E It; WHIT 

m's 

XW 

SYSSHK SKNll.'v’ 


«)^i'6 CiWKJ 

X-bift 

D(->H W.lMWiS 


m? 

X'59 

svssi.h( Don 


mn ««> 

X;Mi 

DEMI (iinmo 


0Mt: C^J 

X'ti 

k'rT 

HOTHIIS - KKf’ ON SENlkS’ 

K)1C 

;<2f2 

GNIIIDO: Jl? SKVD. (KiETHS 


lD4f 

X-G 

JHH STOMICitr.llt' 


H)bi' 

:<?M 

JKP SPO, 1101-Wit 



X'eS 

i « NKX1 lllS'lKtlC'tlOH IMPS KM* IIST llTMlMflKiFb SO ME USED 11 


X^06 

1 IkItiOER komillk 


0)5^ Ci; : si 

:<?07 

HCtlM:': PIT <1,0 

0-1 TRKIS:? 

Kib?- CS 

:<m 

RFl 

NO - IGMOW; 

0IWi '/?■ 

XG 

ID FbC 


K*V :<c: 

X'?0 

II!C fl 

HRF HE f«.EW!DV IH KH 

K);« j*:<M 

X'/l 

JR 2,mg{;ti;5-$ 

VHP - JUMP TO i^xn 

t: )*>'.: C:fi7<» 


Bll Xt 

Kil LEGHl? 

fc'j:.- CH 

X7;< 

REl N7 

NO - IGMOi^E: 

0F>t-' 

XV-l 

LD (:,tK-Ml 

SE T KH E I HG 


X'75 

; POl RtHniME 


CDoi ?5» 

XVf 

HC€lt£^: LD H,C 

tUlT JF WOT JW KiT HODi: 

IS«> 3C 

X'V7 

IHC: H 


c»nc:< (® 

XfTtf 

RET N? 



X:79 

1 HOH Itf: ;? DIOITS? 


e!)M ()9 

XW 

EXX 

TO MOMIftf. SET 

e%5 ?8 

Xtl 

ID H-H 

SEfticH Dions 

«n'.6 

X-cC 

EXX 


0O(./ FKII 

XlCi 

(J’ 1 

j PRHV lEJ l ? 


X0-1 

li) 0,10 


FOFH mv 

X*b 

JR XUCtTN-l-E 

JltF IF (€1(0 Gli; SS 

0Df4» mA 

X-ti^ 

ID 0,100 

IMKKi! 

KXF IWC 

X-t!? 

HCtltW: IN h,(KiT0) 

OLT tUkkEMI POT VHIUE 

«>V1 b? 

X-fiF* 

ID D,H 

RHiw. n 

K)r.' Hi- 

X^.^ 

XOR H 


0(>/:< bf 

KI'F'd 

ID E,H 



yM 

ID H,h 


0r>/b 


lf.il IMS; HDD HI,I<I 


(C'7f. CKKi 

y/i'.i 

HIX; R,0 

mi EVIJv-V (.ftf^kV TO Ht: 


X'4-1 

DH(1 


K';''-* 5(lift 

:<.''W 

DJII7 ll.!.TNb-E 


M'l'l: 1)4 

'<.''4t'> 

EXX 

HfKX TO WOlKtl. SET 

(if'yc V/ 

X’^7 

1 D (HI), H 


(i!),!' 

<.•■<;( 

.IP If-l IIM-E 




i ►.tYl.ii|t!D PliHllllE 


t’i'.l Or 


n).i IIP.' iiJi. ( 

Kil HKHV 


:<;<(ti 

Jk N/,IW1II/-* 

JUID^ IE MOI 
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183 


184 



:<:<«! 

cai awjuM 



««) «: 

:<38:< 

INC: C 

9 

SET ONE. DIGIT SO E* 

art* tM-J» 

:<:4i4 

H(iHN7; SfcT X,C 

9 

SET KIT UtKCXlT 

eD»i 


SVSltH KC:lf6t; 



eoHfl «■::<!> 

JM 

a> 

s 

FQUHLS TVPEI)? 

»«: I'm 


JK 7.HCfTN9-f 

/ 

ailT IF Fttlfl5 

aw b6»- 


fM) a-H 



ms w 

mfs 

bXX 



0091 


SVSIFM ‘><1FIU 

9 

SHIFT DIGIT H» 

m.< i>^ 

;<j(ii. 

Wt TNCC KISH Dt 



(tm 

:<:<12 

SYSIFH OJSNIIM 




:<3b:< 

; ENltR F«< Fan. OR 

IRltttk EXIT TO THkOH OUT RFfliN 

a)% w 

YsU 

HCilNS: K»- W: 



a>97 09 

;<3fib 

FJ« 

i 

EfCK TO NCRHRl 

0098 C .9 

:<;<i6 

RFl 





’s:m 

i sm<ouTiNF: 10 cuhr hchkr 

0099 ti 

sm 

Cl kNUM: KISH 8C 


0090 09 

YS2» 

F.XX 

; 10 NORHHL StT 

m- fcb 

rszi 

KISH HL 


mi- 78 

-£<’2 

LO aB 


0090 SL . 

YSZS 

INC: H 


0O9f first. 

:<:<i’4 

FMD :<FH 


«if#i IF 


RRB 

i LIEU HflRP HFHMClfl PflTf;Hei> 

0OFI1 09 

jGC'G 

tXi 

i HKX TO HLTfckNHTF SET 

0Of? 4F 

■jC<;7 

ID an 


aifCc ff 

;<:<* 

XCK B 


aXH 47 

KK^i 

10 B.B 


0Oflb D1 

:«:<8 

POP Dt 


ODBC. 

:<:<;<! 

SVSTfcH FILL 


0008 Cl 

:<:<;<? 

POP EC 


a)fl9 CS 

mi 

RFT 



aiffl F5 

:<3c« 

:<3!a 

:<:<37 

:<:<38 

1<.<1?9 

i NfMF: SHIFI UP 

i It«n : H DfiTH 10 SHIFT W 

; e sizF IN Dions 

; a ^ FRIT! TO SHIFT HO[«<FSS 

MSaiU: KISH HF 

a«: 78 

I<L<40 

ID au 

0 Ofc :<c 

;<341 

INC: H 

0Off> tf;<F 

YS^2. 

fM) :<tH 

0Off 47 

I<34r< 

ID B.H 

mas FI 

:<:<44 

KE' Ff 

aw Fl'CF 

:<:<4b 

SHf-llH: klD 

a4! < :•:< 

:<i4F 

INC a 

a)l'.4 lW-8 

■<;<47 

DJN7 SI* TUI-F 

a)ii'. C9 

:<:<48 

W-1 

001:7 4WFJ»«S 

;<<sn 

FNISIO: I'FFM 'FNIFK' ' 

a»H) «i 

;<:<bi 

DFFf! 8 

m FWH 

:<:<b? 

(M.: DFfUCaCL 

a>c:o i);<«) 


DfFM IWH 

ax.:;' 

31<M 

DiFN CUF.Tkl ; CffCKMFtfF SlfiRT 

m A msn 

:<:<bb 

SCM ; Df FM 8 

FKiO 

:<:<sf 

DfFM PNS(8 

aX8 i90F 

:<:<S7 

DFFTI SC8ST 

0OCH 47Si4l48 

:<;<S8 

KM : DtFH 'OUNFIGHT' 
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186 


001):' 00 :<ib9 wf-H e 

0oi):< xm pwcii: wfh 'CrtXMimb' 

0Oix; 00 sm W-F0 0 

0()iH) :<;<f2 HNcac: ten 'CrtcmfiifiK' 

0007 00 rs^S OfcH: 0 

0008 S:<-<;<K'49 :<;<« Ft6CB: l)F>H 'bXKlHW lN(i' 

0OH' 00 :<;<65 DtF0 6 

0Of :< b;<4MC45 sm GHHSTk: tt.FH 'SHfC:T GMIt' 

0Of b. :<:<67 OLbH fc?H 

eob b 08 :<:<«< W bt 8 

0F00 58 ;<;<89 0F>h 83 

eEW. 00 :<3?0 oebh 11010 

0f0? 284;<!«'fi :<3?j OEFM '(t) HHLV MbG 1877' 

0E14 00 XfT? 0fF8 0 

0F1.5 :<m b«) 


TOTH.. fiSSbUtlbk b.kl<t»6 = 8 

PITCH. EVEN, TABIN & LUEDEKA 

las S, La Salle SL. Chicago, III. 60603 

. » . i; f I,i i :. iV .J.n 11 l.L'Tvit H'.iMr; VIDEO OAME SYSTEM PAGE 1 

iiMii. r MM I Ml .11 n|-i:D OPEKANLI COMMENT 

. I • PI I ■ 

I M|;i. 1/HI M 

I I.: I , , p- 11 ..Ip INI I 


i tr:t:i-1Hc**.*tttt>***»***«** 

' , «: MMI-J I IGHI l-ClUArES * 

i';.'!:-' 1 111-If Its tins «•«*«««* **«• 

. p , i .Mii|. M,H l PftCl GROUND JOB 

. .' li , PMfiMP.VI INO Of- INITIALIZATION, PRE-RpGUND DISPLAY, 

,'.',1 ; 111 illU ORING ilip CONTROLS AND VEi.'TOR DELTA CHANIjING 

, l.iLATH, POST ROUND STUFF AND END GAME 


60^1 ; EiaUATES 


*000!^. 


LNX 

EQLI 

S 

LEFT NUMBER X 



BSY 

EQU 

2 

BANNER STRINGS Y 


607 

RNX 

EBU 

136 

RIGHT NUMBER X 


77,0 

I.DULX 

EQU 

32 

LEFT BULLETS X 



REULX 

EBU 

104 

RIGHT " '• 


o60 

STMRX 

EQU 

76 

SUE TIMER X 

■; (')('»/F 

1 

GRX 

EQU 

44 

GET READY X 

*: f>oC) 1 

•>>> 

GRY 

EQU 

1 

" Y 

‘x'tO'I* j 


DRX 

EQU 

64 

DRAW X 

>'■'01 ^ 

.'>64 

TCACY 

EQU 

20 

TOP CACTUS Y 

■; oor-r 

7 . 77 ~, 

TTREEY 

EQU 

TCACY-5 




MCACY 

EQU 

42 

MID CACTUS Y 

;>r)O'0 6 

7 

DmACY 

EQU 

70 

BOTTOM CACTUS Y 

>0041 


DTREEY 

EQU 

E:CACY-5 


>or»40 

OP'.V 

LCACX 

EQU 

64 

LEFT CACTUS X 


r. .-^O 

RCACX 

EiQU 

S8 

RIGHT CACTUS X 

>0O4r 

'S71 

Cf:ACX 

EQU 

76 

CENTER CACTUS X' 

>0040 

67? 

UAGX 

EBU 

72 

WAGON X 


674 

COWX 

EQU 

RCACX-PS 

OTHER COWBOYS WINDOW X 

*:/ OCirfO 

<-•7^ 

TLINE 

EQU 

10 

TOP LINE OF GUNSPACE 

>oo< >■-" 

676 

ALINE 

EQU 

TLINE-1 


^-OOr-C: 

677 

r.7S 

679 

DLINE 

EQU 

92 

BOTTOM LINE OF " 

>00 1 ? 

ELIL.VSZ 

EQU 

IS 

BULLET VECTOR SIZE 

>or^ 1 7 

6:7C) 

GFVSIZ 

EQU 

23 


>001 :■ 

-^61 

WAGV3Z 

EQU 

IS 

WAGON VECTOR SIZE 

>f H > •: 

66 

WINPND 

EQU 

50 

TOP-BOTTOM WINDOW BOUNDARY 
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/(■»(.) , VHi Hi-It 

VC) I i * SUBFxOUTINES * 

/(}.'■ , * Ht Ht * Ht Hr HtHt-Ht it* •»«•** 




7i’i:j 

. DISH. 

AY CLOCK AND UPDATE 

CT4 




1 7F1 

F3 

704 

OiCUjCK 

DI 







17E2 


70'"i 


SY'SS 

UK DECCTS 






17C4 

Jr'.C) 

70A 


DEFB 

1OOOOOOOB 






i7(rf=; 

00710002 

707 


LD 

IX. FNTSML 






t7F9 

■■ir,riC4F 

70S 


LD 

A, <CT7) 






1 7FC 

07 

7i:)9 


OR 

A 






i 7FD 

/; ic-:'': 

710 


..IR 

2, DCOUT-* 






17FF 


/11 


:E.Y:53UK DLSNUM 






17F1 

'ir 

/12 


DEFB 

STMRX 






1 7f:' 

Cl,- 

7 1::: 


DEFB 

BSY 






1 ■•Fs 

C-r ; 

/14 


DEFB 

TIME 






t7F4 

■'1 r- 

71 *; 


DEFE 

42H 






1 

O'- ir 

716 


DEFW 

CT7 






1 7F7 

i" r 

717 

DCCil.lT 

XOR 

A 






1 7FF.' 

IV 

718 


OUT 

(MAGIC). A 






1 7FA 

■: FFOP 

7 19 


LD 

(URINAL). A 






1 7Fri 

( t. 

720 


El 







17FF 


721 


RET 









7 7' 

, FIRE 

BULLETS 








“7 7 

. LEFT 

COWBOY 






17FF 


7 24 

F IREO 

SYSSI 

UK SUCK 






1 :7(:)1 

fil 

72*3 


DEFB 

11011lOOB 






1 :=:02 

/. i IF 

726 


DEFW 

LCOWB 






1 904 

no IF 

727 


DEFW 

LBULS 






1 SO A 

1 •■■■IF 

7 28 


DEFW 

BULVl+1 






t :=:0S 

1 f:C.9 

729 


•JR 

ZORE-i 






1 SOA 


7 20 

FIREl 

SYSSUK SUCK 






1 

m: 

761 


DEFB 

llOlllOOB 






1 :^:Cin 

ft : 'I F 

7 32. 


DEFW 

RCOWB 






t 9: OF 

H!, IF 

/ 83 


DEFW 

REULS 






t S 1 1 

■7 fir 

7 ft 4 


DEFW 

EULV:3+1 






1 1 ■; 

f ri'ftft;)7 

/ .3?> 

ZORE: 

LD 

A. (lY+CEB) 






1 1 

1 ■ 

7 57. 


OR 

A 






1 S 1 7 

r 

7 :I 7 


RET 

Z 






1 S ] S 

C'C, 

7 :;3 


LD 

A.(EC) 

i 

GET BULIT 

COUNT 


1 ;9 l V 

r- 

7 


OR 

A 






1 :S 1 A 

1 

7 4 0 


RET 

2 






I 9 1 p 

,T 

741 


LD 

A, (HL) 

i 

CHECK 

IF 

BULLET IS AVAILABLE 


1 ft 1 r 

r: ■ 

742 


OR 

A 






1 ft: 1 n 

” . M )■“/ 

743 


•JR 

2.ZOK-* 






t :ft t F 

111 :-oo 

744 


LD 

DE, BULVSZ 

i 

DELTA 

TO 

NEXT BULLET 


1 

1 

74 0 


ADD 

HL, DE 






1 r:;:": 

vr 

74 6 


LD 

A,(HL) 






1ft 7 4 

r:/ 

747 


OR 

A 






1 

' 1 

/ IC: 


. IK 

2.70K-t 









. i H >U 1 U 

1 ;i i( 

1 i ( 
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190 




. .1 

, U IIIWL U’*' 





, .IJl,: 1 i-M.il-l 

BULLET COUNT 


1 

'■»r. 

/OJ 

/III LB 

A, <EC.) 


1 " 

• f| 

/••4 

DfrC 

A 


1 

w.'. 

7 or, 

1-0 

(EC),A 




7',/-. 

, OirT OUB TIMFR IF OI.IT OF 

PULLETS 

1 : :.'t 

. '-mO 

/'-•? 

JR 

NZ, BERASE-* 


1 r.'l 


■/••B 

LD 

A, (CT7> 

- 

1 

f/ 

/C9 

OR 

A 



■I 10 

7U> 

LB 

A, lOH 


1 ■:3S 

2 

761 

JR 

Z, STSEC-* 


1 

■■[02 

762 

LD 

A, 2 


1 

■■-.nfAr- 

767: 

:8T8EC LD 

(CT7),A 


1A 

r'^‘ 

V 04 

DERATE PIJ:5H 

HL 


1-:P; 

I 'ltr 

/‘OS 

PUSH 

IX 


1 ;=:':n 


7.S6 

LD 

A,(BC) 


1 R:::;P 

! 

.■’.07 

LD 

L. A 


IRRF 

/. ,1 M l 

.■'6:o 

LD 

H, O 


1 :-i4 1 


769 

ADD 

HL, HL 


1 R'V? 


770 

ADD 

HL, HL 

i *4 

IR4:': 

1 1 . 

7/1 

LD 

DE,ESY*256+RBULX 

1 .-■■■ 1 /■ 

Tihi r:00 76 

■/72 

Bit 

MRFLOP. <IX+VBMR) 

1 R-IA 

r 10 

7',i' 

LD 

A, 40H 

; FLOPED MR 

1 R4r 

: . -I 

/ Ol 

JR 

Z,RITB-i 


1 :■ 4F 

i' II 

.'7:. 

XOR 

A 

i NORMAL MR 




i WOW POSITION AND ERASE 


1 R4F 

v 

7/7 

RITB; ADD 

HL, DE 


1 Rp.r:. 

r 1 

,7/:;: 

EX 

DE, HL 


11 


779 

SYSTEM RELABl 


1 

1 1: 

7:’::0 

ex 

DE, HL 


) S54 

l'- 

78) 

LD 

B, 5 


1 

f 1 

782 

LD 

DE, 40 

INC TO NEXT LINE 


:M*F 

7?::;:: 

BELP LD 

<HL),OFFH 

ERASE A LINE 

! ssr. 

1 ■■ 

7:84 

ADD 

HL, DE 

GO DOWN A LINE 

1 B^C 

\ OFB 

7:55 

DJNZ 

EELP-* 


1 

I. .00 

7.86 

LD 

D,0 


) B60 

nri^roF 

787 

LD 

E, <IX+VEARM) 

GET CURRENT ARM POS 

) 


78S 

LD 

H. D 


1 8-^.4 

OF: 

7:89 

LD 

L, E 


1 965 

•70 

790 

ADD 

HL. HL 

*2 

1,966 


791 

ADD 

HL. DE 

*3 

1 96 7 

1 


LD 

DE.BULTAE 


1 R6A 

1 0 

8 

ADD 

HL, DE 

BULTAB(ARM) 

tR6B 

r r: 

794 

EX 

DE. HL 


1 S6C 

r i 


FOP 

BC 

BC<==IX 

1 n 

r i 

7 

POP 

HL 

BUL CSTATI 

1 ;-v-.F 

f- ^'i 

797 

FU;8H 

HL 

SAVE FOR ACTIVATE 

1 


/98 

INC 

HL 

BUL IDEL TIME! 

1 970 

':/.Ot 

799 

LD 

(HL),1 

MAKE BULIT JUMP OUT 

1972 


:-;0<;> 

INC 

HL 

BUL CDEL XLOWJ 

(S79 

C' 

801 

INC 

BC 

COW CSTATD 

1974 


:802 

INC 

BC 

COW CDEL TIME] 

1 875 


803 

INC 

BC 

COW CDX LO] 

IS76 

rin;i3i9 

:504 

CALL 

PUTVEC 


|:':7’' 

1'. ; 

: , 

INC 

BC 

COW CXCHK] 

to-7 A 

(> : 

: n)/-. 

INC 

BC 

COW CDY LO] 

1071: 


::i>/ 

INC 

HL 

BUL CXCHK] 

1 870 

1 

;8i i:3 

LD 

< HL). I 

LIMIT CHECK 

1R7F 

2 7: 

809 

INC 

HL 

BUL CDY Lp] 

187F 

CDDC-il? 

810 

CALL 

PUTVEC 


t 

El 

SU 

POP 

HL 

BUL CSTAT] 

t 

9680 ■ 

812 

LD 

(HD.SOH 

ACTIVE 

1 


:31 3 

SYSSUK EMUSIC 


1 S:07 

124F 

814 

DEFW 

MSTACK 


1 OiP:'' 

01 

:515 

DEFE 

0000000IB i JUST NOISE 

I BSOi 

OB IF 

816 

DEFW 

GUNSHOT 


1 BBC 

C? 

817 

, RET 





SIS 

i (TAKE A PISS BREAK 


188D 


819 

PISS: DONT 

PIZBRK i SEE IF I CARE 

18SE 


820 

DO 

MRET 




821 

i CONVERT JOYSTICKS 


1R9F 

nii; t6i4F 


JOYO LD 

IX.LCOWB 


1S':»R 



JR 

PJOY-* 


1 

nil ’ |784f 

S24 

JOYl LD 

IX,RCOWB 




02'!* 

i CONVERT 

JOYSTICKS 
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192 


191 


1 ;":vv 

1 r 

1 :-:vF 
1 

1 

1 ;=;ri7 


1 ^;F;5 


PI ;ron 


^ FJOY: 

LD 

C,(IX+VBMR) 

1 1 .'.OO 

a 27 


LD 

DE.128 

■ ; A''C)C) 



LD 

HL,123 


>1 


SYSTEM MSKTD 

PIT 109 

::rj 

STUN 

LD 

<IX+VBDYH),H 

[ii - .O:-; 

1 


LD 

(IX+VBDYL),L 

rii 1:'04 



LD 

(IX+VBDXH),D 

r.rr'909 



LD 

(IX+VEDXL),E 

r ‘ 

;=:>M 


RET 


P';.. 1 7S4F 

1^35 

PPuT 1 : 

LD 

IX,RCOWB 

-7;- 

•P.: 


LD 

A, B 

:t 

:“:.97 


CPL 


1 

-:x 


JR 

PPOT-* 

DP. P614F 

a 99 

FPOTO: 

LD 

IX.LCOWB 

79 

340 


LD 

A, E 


341 

; convert pot AND STORE 

F.' ro 

842 

FPOT 

AND 

OEOH 

f.F 

343 


RRCA 


C'F' 

344 


RRCA 


OF’ 

340 


RRCA 


or 

846 


RRCA 


FF' 'E 

347 


CP 

OEH 

■“'( r- 9 

343 


JR 

NZ, KART-* 

;:F wi' 

849 


LD 

A, OCH 

pr. • .’OF 


KART 

LD 

(IX+VEARM), A 

r c/ 

SCI 


RET 




, CHECK 

IF BULLET HIT ANY' 

DP ’io:)! 

Fir.:-; 

HITCHK. 

LD 

A, <IX+VBSTAT 

FV .-Ai 

304 


AND 

06OH 

FF • ■> 

srr 


CP 

20H 

■'S.-.F 



JR 

Z,HIT-* 

no 

S57 


RET 

NC 

Dpr B07SE 



BIT 

VE:CLAT, < IX+V; 

CO 

359 


RET 

Z 

rip':/.0100 

&Ai:> 


LD 

(IX+VBSTAT).' 

nnsoozoi 

861 


LD 

<IX+VBXCHK). 

f' ■ > 

: 


R[ 1 


(III ■! on 


111 1 

1. D 

A, (IX+VBXH) 

F F T-i 

4 


Cl' 

WAUX 


COMPUTE DELTAS 


POT MUST BE FLOPPED CUZ 
ARM IS FLOPPED 


1SC2 


1 ;':f: 


17;r;F 

isnt 

1 :':n? 

1 

1 ;-:D7 

isno 
1 snc: 

1 snn 

1 OF 1 
t r;f •. 

|:’:l 

lOFD nn.'::,S0202 
iPF-1 nri i'voiso 
1P.FS I'lSFlD 


0*15 

864. 

;E;4.7 

S4.P. 

S6'? 


IF KNOB=7 THEN SET TO 6 
SET ARM POSITION 


CHECK ONLY IF BLANKED 
RETURN IF NOT BLANKED YET 


i BULLET HIT WALL 
i SET LIMIT CHECK 

; CHECK WHAT fART OF SCR ITS 


NC.HITl-* 

(IX+VBTIMB). 2 ;MAKE IT JUMP OUT 
(IX+VBSTAT).SOH ; RE ACTIUATE 
HL.BULLMT 


•JR 
LD 
LD 
LD 

SYSTEM UECT 


1 

r:9 

870 


RET 


inrp: 

nn v-.oioo 

■371 

HITl : 

LD 

<iy+VE;STAT).0 

ISFF 

FF ''8 

372 


CP 

RCACX 

1 9C) 1 

3010 

873 


JR 

NC, HIT2-* 

1903 

SA904F 

374 


LD 

A, (WAGON) 

1906 

B7 

3:75 


OR 

A : 

! 907 

CO 

376 


RET 

NZ : 

I90f: 

1F4C 

377 


LD 

E,CCACX i 



:‘;78 

, ERASE 

OE.-IECT BULLET HITS 

1900 

ri> 

379 

ERASE 

LD 

D, (IX+VEYH) 

1 vr-n 

1 9 

880 


DEC 

D 

1 90F 


881 


SVSS 

UK RELAB1 

t9l0 


3 1*: 2 


DEFB 

0 

191 1 

FT: 

887: 


EX 

DE, HL 

1917 

1 1 ri7FF 

884 


LD 

DE, -41 

191 r 

••■OO 

88 r 


LD 

B, 0 

1 9 1 7 

79 


ELOP 

LD 

A,(HL) 

1 -7 1 9: 


:787 


LD 

(HL),B 

1 9 1 9 

■79 

P.PS 


INC 

HL 

1 9 1 0 

06 

889 


OR 

(HL) 

1 1 F 

7 

390 


LD 

(HL), B 

1 9 1 

t 9 

891 


ADD 

HL, DE 

191D 

/OFS 

392 


JR 

NZ,ELOP-* 


BULIT DIES FROM WAGON 


IS IT A CACTI I? 
NOPE ITS A WAGON 
LOAD X 

LOAD Y 


ON 


19 IF r:9 
1990 rFCu 
1929 CAor: 

1924 IF^'O 
1926 rinr:B0076 
192A ?OriF 
192C IF'.O 
1 9 ?r 1 :-:DA 


994 

;>95 


997 


9 no 


ZERO THE SCREEN BYTE 


RET 

HIT2; CP RCACX+8 i GUNFTR SAPCE 

•JR NC-DIE-* 

LD E,LCACX 

bit MRFLOP, (IX+VEMR) 

.JR NZ, ERASE-* 

LD E.RCACX 
■JR ERASE-* 


IN 
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194 


193 


1930 

Ttr If: [":<:» 071 

90 1 

FilE: 

BIT 

MRFLOP, < IX-^VBMR) ; WHO DIED? 

1'‘'34 

7:st ip 

902 


JR 

Z,DLEFT-* 

1930 


903 


SYSiSUK SUCK 


on 

■9134 


DEFB 

11011lOlB 

1 939 

6 1 ’IF 

90*5 


DEFW 

LCOWE 

1933 

C*:": 

906 


DEFB 

8 

1 93C 

r: 1 1 F 

907 


DEFW 

TAPS 

193E 

A/.-IF 

9<j£: 


DEFW 

RSCORE 

) 940 

1 300 

9<.'»9 


JR 

DIE 1 -* 

1949 


■V 10 

DLEFT 

SYSSUK SUCK 

1944 

on 

911 


DEFB 

iionioiB 

194S 

734 F 

912 


DEFW 

RCOWB 

1947 

64 

913 


DEFB 

100 

1943 

r 1 1 F 

914 


DEFW 

FUNERL 

194A 

O/IF 

918 


DEFW 

LSCORE 

1 94C 

no:.'-.) 106 

916 

DIEl. 

ED 

< IX■^UBLEGT). 6 i SET FIRST CELL TIME 

1 v'^iO 

00361234 

917 


LD 

( IX+VBLEG), KILl, AND. OPFH i ?? 

193.4 

rin3.'.oi68 

91S 


ED 

<IX+VBSTAT). 068H ; KILL THE SOB 

,or;.. 

nir’FOB 

■ > 1 9 


LU 

A, <IX+VBYH) i WHERE TO WRITE GOT 

t ■ >';r: 

1 t. .( >: : 

■ ■0 


:..UB 

s 

1 •■■'.II 

III: 

■I.- 1 


tl- 

ILINI-+-9 

19'.I 

M H rJ. 

'.•'■’.22 


JR 

NC,DIE4-* 

1 --' 0.1 

Ck..?0 

y 3 


ADD 

A, 32 

19.S3 

87 

924 

DIE4 

LD 

D, A * LOAD Y 

1 9.94 


925 


SYSTEM INCSCR 

1960 

2 B 

926 


DEC 

HL 

1967 

7r 

927 


LD 

A,<HL) i FIELD 

1963 

FFOrj 

928 


CP 

5 ; INC IF LESS THAN 5 

1960 

CFOO 

929 


ADC 

A, 0 

1960: 

77 

9:50 


LD 

(HL),A 



931 

; PLOY 

DEATH 

SONG 

196D 

60 

932 


LD 

H, B 

196E 

69 

933 


LD 

L, C 

196F 

0021124F 

934 


LD 

IX,MSTACK 

1973 

3Fr:0 

935 


LD 

A,1lOOOOOOB 

197^=1 


936 


SYSTEM BMUStC 

1977 

r-r-CiC 

937 


LD 

C,LARG2 

1 979 

/ '> 061F 

938 


LD 

HL, GOTME 

197C 

r 5 

939 


DI 


197D 


940 


SYSTEM STRDIS 

197F 


941 


SYSSUK PAWS 

1981 

FA 

942 


DEFB 

250 

1982 

■•■r-oi 

943 


LD 

A, 1 

1984 

3-'riF.4F 

944 


LD 

(SEMI4S),A ; SET FLAGO 

1987 

r:p 

945 


RET 




946 

, FIELO 

PUTS 

UP THE CACTI I APPROP TO SCORE 



947 

; A=SCORE OF 

OPP PLAYER UPTO 6 



948 

, BC -> 

ARRAY OF Y POSITIONS 

1 9SB 

?irsiE 

949 

FIELD: 

LD 

HL,CACTUS i -> CACTUS PATTERN 

19SB 

FS 

980 


PUSH 

AF 

19SC 

:3r: 08 

981 


LD 

A, lOOOB 

198E 

ir: 1,9 

952 


OUT 

(XPAND),A 

1990 

Fi 

953 


POP 

AF 

1 991 

n 01 

984 


CP 

1 

1 993 

T':-' 

955 


RET 

c 

1994 

FI .;:i4 

986 


CP 

4 

1996 

:i >(i3 

987 


JR 

NC,TCAC-* 

1 993 

r rii :5j *7 

958 


CALL 

CACW 

1 99P 


'9 5'9 

TC;AC 

INC 

BC 

199C 

rF02 

960 


CP 

2 

199E 

nr: 

961 


RET 

C 

199F 

rro8 

962 


CP 

5 

1901 


■i>63 


JR 

NC,MCAC-S 

1 9A3 

rnr:-:i9 

964 


CALL 

CACW 

1 906 

F [ 03 


MCAC 

CP 

3 

1908 

Fi: . 

'966 


RET 

C 

1 909 

C ■■ 

967 


INC 

BC 

) 900 

P-: : 

968 


EX 

AF,AF' 

1 •5'OB 

■roi 

969 


LD 

A,SIH i ACTIVATE WAGON 

1900 

: ■•.;)4F 

970 


LD 

( WAOON ), A 

1 9B0 

1'.; . 

9 71 


EX 

AF,AF' 

l'‘'B1 

r or8i9 

972 


CALL 

CACW 

1 9B4 

FI 1.4 

973 


CP 

4 

1-^B6 

Ii: : 

974 


RET 

C 

19r;7 

4 ‘ : 

978 


INC 

EC 
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195 

196 

1 '-I':;-' 

1 r ■■•10 

r/A 


ID 111 , TREE 


1 'IM : 

1 '. 

^// 


PU:-H OF 

- 

1 ■•'tM 

:| 1,1 

■y /;; 


10 0,11000 


1 vi::i 

0 :1 ■:> 

V/9 


OUI (XPANDl.A 


t ■■'CO 

El 

9h0 


POP AP 


19C1 

cocsr? 

9-31 


CALL CACW 


r‘'C4 

rxoo 

333 


CP 5 


19C6 

08 

933 


RET C 


1 VC 7 

r>-3 

y:34 


INC OC 


19C3 

FO 

9:35 

CACU: 

PUSH AF 


1 9r:9 

no 

933 


PUSH OE 


1 9r:A 

00 

937 


LD A,<EC) 


i9cri 

07 

933 


LD 0, A 


19CC 

SFOS 

939 


LD A. 3 

, EXPANDOMATIC 

19CE 


990 


■SYSTEM WRITE 


1900 

01 

991 


POP DE 


19Dt 

FI 

992 


POP AF 


19D2 

I' '3 

993 


RET 




‘994 

, PUT 

DEL X, Y INTO BULLET VECTORS 

1903 

1 ,3 

995 

PUTVEC 

LD A, <DE) 

TABLE CD LOJ 

1 904 

-T":' 

/ / 

993 


LD (HL),A 

ELIL CD LOI 

1905 

1 

997 


INC DE 

TAB CD HI I 

1 9D6 

0": 

■?^9S 


I NC EC 

COW CD HI] 

19D7 


■9^9^9 


INC HL 

EUL CD HI] 

19DS 

1A 

1000 


LD A,(DE) 


1 ■■■'09 

■^7 

1001 


LD (HL),A 


1 9DA 

"■ 'T; 

100'2 


INC HL 

BUL CLO] 

1900 

1 3 

1 ijO 3 


I NC DE 

TAB CHI] 

1 9DC; 

0.3 

1004 


INC BC 

COW CLO] 

1900 

'u-XjO 

1000 


LD (HL),0 


190F 

O-'- 

11.'06 


INC BC 

COW CHI] 

19E0 


1007 


INC HL 

BUL CHI] 

1 9E1 

Oi'i 

1OOS 


LD A,(BC) 


19F2 

'rr: 

1 009 


EX DE, HL 


1 9E3 


101 0 


ADD A, (HL) 


)9E4 

rr; 

101 1 


EX DE, HL 


1 9E'7. 

7 

11:> 12 


LD (HL),A 

BUL £HI]=COW CHI]+TAB CHI] 

19E6 

13 

101:8 


INC DE 

TAB CD HI] 

19E7 

r 

1014 


RET 




11' 1 /. 

^ r.l INI 

U;.HT START UP ROUTINE (ONCE PER SAME) 

\ 


1,' 1 / 

INI 1 

SYSSllI: OLIPAR 


I■'rn 

li 

1,, 1:: 


Dl;.l W MX^aVR 


19fr 

■ : 1 

1 o 1 ■■•■ 


DLPB 3411 


19Eri 

1--1 ir 

1 0 ;;o 


DEPW END^SCR 


19EF 

:31 0-3 4 F 

1021 


LD SP, STACK 


19F2 


10/2 


SYSTEM INTPC 


19F4 


102:3 


DO FILL 


19rr. 

n/.-n 

10/4 


DEFW STACK 


1'9F7 

fi/OO 

1020 


DEFW CT7-STACK 


19F9 

i Ml 

1026 


DEFB 0 


r9rfl 


1027 


DO SETB 


19FB 

03 

1020 


DEFB 2«-»GSBSCR 


19Fr: 

F:34F 

1029 


DEFW OAM'STB 


19FE 


1 i'i;30 


DO SETOUT 

SET UP GAME PORTS 

19FF 

f;:3 

10:31 


DEFB ELINE*2 

BOTTOM LINE - VERT ELK 

1 flOO 

n/. 

10:32 


DEFB RCACX/4+0C0H 

HORZ BOUNDS 

lOO] 

or; 

10:33 


DEFB 3 

INMOD 

) hO "' 


1034 


DO COLSET 


1 r.03 

I' ' i f j 

1 0:30 


DEFW OFCOLS 


1 floo 


1036 


DO EMUSIC 

PLAY STREETS OF LOR 

1 AO A. 

! 1 r- 

11) -:7 


DEFW HSTACK 


1 A'-.x 

r-- 

11:>38 


DEFB 11OOOOOOE 

ON VOICE A 

1 AC)'? 

iV ; If 

1039 


DEFW HOME 


1AOO 


1040 


EXIT 




1041 





104 2 

; ONCE 

A ROUND START UP ROUTINE 



1043 



1 AOC 

r*. 

1 Ol 4 

STRND: 

DI 


1 AOO 


I 04 '3 


SYSTEM INTPC 




1 046 

i INIT 

HANDLES,BULLETS, TIMERS 

1AOF 


1047 


DO MOVE 


1 A1 0 

nr IF 

1043 


DEFW CT5 


1019 

-'lO 

J 049 


DEFW 12 


1014 

rr i fi 

1 rioo 


DEFW SINIT 




1 C'O 1 

; COl OR BANNER 


1 A1 A 


1 002 


FILL? NORMEM, EYTEPL*ALINE, OFFH 
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198 


1 A?S 
ia:?9 1 - 


ERASE SCREEN 

FILL? NORMEM+BYTEFL*ALINE, EYTEPL#!ELINE-ALINE), 0 
RESET VECTORS 

FILL? STRRAM,ENDRAM-STRRAM, 0 
SHpW SCORES 

DO SUCK 

DEFE! OOOIOOOOB i IX 


ia:a 

''t iOy 

1060 


DEFW FNT3NL 


1A/C 


1061 


DO DISNLIM 


1 A/O 

I'lf: 

1062 


DEFE LNX 


lA/E 

r* r 

1063 


DEFB BSY 


1 a:'F 

OF: 

1064 


DEFE TIME 


1 ASi'i 

r 1 

1065 


DEFE 0C4H i 

ZERO SUPRS,SMALL 

lA3t 

a: IF 

1066 


DEFW LSCORE 


1A33 


1067 


DO DISNLIM 


1A34 


1 


DEFB RNX 


1A 7=; 

F, > 

1 06-9 


DEFB ESY 


1A3S 

OF': 

1070 


DEFE TIME 


t A37 

04 

1071 


DEFB 0C4H 



A'. ■IF 

I07,' 


OFFW RSCORE 




III,.' ; 

, ' Fll F>. 1 mR I .ND game 


FA 


!■ i/'l 


DO IvCAl.L 


lA :r: 

:!,U: 

10/0 


DF.F W LNDOAM 


lA'O 


l,)76 


1 EX r OETRDY. GRX, GRY 

. LARGE 

1A43 


1077 


EXIT 


lA'l-l 

AF 

1 078 


XOR A i 

SET UP WAGON 

1 A40 

32904F 

1079 


LD (WAGi5N),A > 

STOP WAGON 



10:'.;0 

i F’UT 

UP PLAY FIELD: 


1 A4S 

SAAI4F 

lOSl 


LD A,IRPIELD) ; 

NFJMBER OF CACTI I 

1A4P 

1 F' .:S 

10rS2 


LD E,RCACX 

RIGHT CAC COLUMN 

1 A4D 

oic?in 

10i53 


LD EC, RFTAB i 

POSITIONS TABLE FOR 

1AOO 

CDOS19 

1084 


CALL FIELD i 

PUT THE CACTI I UP 

I Af.3 

3AA54F 

1085 


LD A,(LFIELD) 


1 A?A 

1E40 

1086 


LD E,LCACX 


IASS 

0IPOID 

1087 


LD EC.LFTAB 


1A?P 

'■ B.SS 1 9 

1 OSS 


CALL FIELD 




108? 

, INITIALIZE Q POINTERS 


lAflF 

SF.1F 

1 09(:f 

INI TO 

LD A, LCOWB. SHR. 8 


1A60 

S? F 14F 

1091 


LD (WRITQ-F2), A 


lA/:.3 

S;j74F 

1092 


LD <VECQ-i-2),A 




109:5 

; SET 

UP VECTORS SO COWBOYS 

WALK OUT 

IA4.A 

0ri?l/:.14F 

1094 


LD IX,LCOWB i 

LEFT COMEDY VECTOR 

lACA 

OIiSAOC* 11'l 

1095 


LD <IX+VBMR), lOH 


lA^.F 

?1104F 

1096 


LD HL. VECQ 


lA7t 

Cn-M 1D 

1097 


CALL COWIHT 


1A74 

Fin?17S4F 

1098 


LD IX.RCOWB ; 

RIGHT COWBOY VECTOR 

1A78 

00360050 

1099 


LD < IX-FVBMR), 50H 


iA7i: 

C0341D 

1 100 


CALL COWINT 


1A7F 

:SA904F 

1101 


LD A, (WAGON) ; 

IF WAGON IS ON 

1 AS? 

B7 

1102 


OR A 


1 ASS 

?siri 

1103 


JR Z.MIDC-* 


IASS 

0n?lSF4F 

1104 


LD IX.WAGVEC ; 

THEN ACTIVATE WAGON 

1AS9 

On:-;,:,0010 

1 105 


LD (IX+VBMR), 1OH 


1 ASD 

n0:-:A0C:0:3i 

1 106 


LD <IX+VBYCHK), 3 


1 A? 1 

011:7 ■•C'S40 

1107 


LD (IX+VBDYL), 40H 


1A90 

0036064S 

11 OS 


LD <IX+VBXH),72 



rin3/-.0B0A 
rn'^4iD 
1 SOB 
3E03 
0319 


1AAD I 1 1 :'00 
lABi> Dri?llS4F 
1AB4 0i:'004 
lAFi? -:F0-£ 
lABv BS 
lAPA ::'i>02 
lABf r*F'.'.0 
lAPF 007100 
lACI ri0-:A0701 


LD (IX+VEYH),TLINE 
CALL ADDTQ 
•JR BORG-* 

ICC. LD A. 8 

OUT <XFAND).A 
SYSSUK WRITP i E 

DEFB CCACX 
DEFE MCACY 

DEFE 8 i E 

DEFW CACTUS 

INITIALIZE BULLET VECTORS 
iRO: LD DE, BULVSZ 

LD IX.BULVl 
LD EC,4*256+20H 
LD A, 2 
BULLP CP E 

JR NZ, TIYU-* 
l.D C, 60H 

YU LD <IX+VBMR).C 

LD (IX+VBXCHK),1 


ELSE PUT UP A CACTUS 


EXPAND 
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I .M' 

I .■',1 ■' 

I,-,I I; 

I Mf I I 
1 Ai; F 

lAPI 

1 AH'; 


t ADP 
lAD? 
lAPA 
lAD'"' 
lAfin 

1rir 

1 r;l’l . 
1 A.r I 
I hF / 
0 1 AF ■: 
I AF-' 

1 Ar n 
1 r.r F 
1 r.FF' 

l AF'i 
1 AF- 1 
1 F X •' 
1 AF-; 
1 AF'' 

li'.r A 

1 ,',F'- 
lAF ri 
liM'-' 
1,.'.FA 
lAFF 
t At n 
lAFF 
1 AFF 
1 r.i'.n 
ir:At 
0 I pi'' 

IF-', ■ 


1 Hi 1 7 
1 PCI'-' 
1PAA 
IPOC 
1 POD 
1 BOP 


IP 10 
IPlil 
1P17 
1P19 
t P1A 
1 P1 P 
1 P1 F 
1 P I F 
tp-'O 
IP?? 
IR-p 
1 P?A 
1P?r: 
1 r: A 

in?r 

1 P?n 



199 



200 

Hi! ..iM i'r;-: 

11. ■ ■■ 


• LD 

< I X fVISYCUK ) / 3 

Mh I ■ 

■| 1 .11 


ADD 

IX, DF 

E ^ I 1 

M l 


LuIN/ 

PI ILLC * 


1 1 - :? 

, 1- 1 K1 

. Ill- INtERRLIRTS 

in 

1 1.?? 


LD 

A, INTTBL. SHR. S 

HD 47 

1 1 ::;4 


LD 

I, A 


1 1 oP 


in 

2 i DONE IN MENU 


1 1 riA 


LD 

A, LFRVEC. AND. OFFH 

ri':ort 

1 1 j7 


OUT 

(INFEIO.A 


1 1 iP 

■, 




113V 

i LEI 

COWBOYS WALK OUT 


1 1 40 

, 




114 1 

WALK: 

SYSSLIK RAWS 

64 

1142 


DEFB 

100 

F 

1 143 


DI 


r'[): 10DD? 

1144 


LD 

IX,FNTSML 


1 145 


SYSTEM INTPC 


1 14A 

, ERAS 

5E OET READY 


1 14 / 


DO 

BLANK 

1 . 

1 1 4ft 


DEEP 

13 

t'v 

I 1 4? 


DEFB 

s 

I I 

1 1 ‘“'O 


DEFB 

OFFH 

. •< I -t .('jOOO 

1 151 


XYDEFW < GRX/4)+4000H< GRY 


1 J 5? 


TEXT 

DRAW,DRX, GRY, LARGE 


1 153 


DO 

CHRDIS 

:. 

1 154 


DEFB 

LBULX 


1155 


DEFB 

BSY 

t'-i 

1 156 


DEFB 

BULT 

PT- 

1 157 


DEFB 

OEBH i BULLET 


1 158 


DO 

MCALL i 5 MORE 

1 l; 

1 159 


DEFW 

BULRIT 


1 1 f.O 


DO 

SUCK 

(• 1 

1161 


DEFB 

00000001B 


1) 6? 


DEFB 

RBULX i DO THE RIGHT ONES 


1163 


DONT 

CHRDIS i DISPLAY FIRST ONE 


1 164 


DO 

MCALL i DISP THE OTHER 5 

■ 1 1 1. 

1 165 


DEFW 

BULRIT 


1166 


DO 

PAWS 


1 167 


DEFB 

60 


1 168 


DO 

BLANK 

<■■■., ; 

1 1 69 


DEFB 

8 

(■i; : 

1 1 70 


DEFB 

s 

n 

1171 


DEFB 

OFFH 

t I - .p.('»0''iO 

117? 


XYDEFW ( DRX./4) +4000H, GRY 


1 1 7 ■: 


EXIT 



1 1 

, F 11 K 




1 1 A. 

, IIDIN liiiJF lillRIND ROUND 


11// 

, 1 .1 1 ' 

. 1 InOi M 1 

SE IS VECTORS AND CHECISS BULLETS 


1 1 /ft 

1 OuP. 

•oVr. lEM INTFC 


1 1 79 


DO 

SENTRY 

i 102 

1.180 


DEFW 

ALKEYS 


1181 


DO 

DOIT 

301P: 

1 182 


DEFW 

DTAB 


1 183 


EXIT 




1 1 85 

i CHECK 

FOR DEATHS 


00211S4F 

1 1 36 

DEATH 

LD 

IX,BULVl 


111200 

1187 


LD 

DE,BULVSZ 


0604 

11SS 


LD 

B, 4 


C5 

1 IS? 

LPPP2 

PUS5H 

Etc 


DP 

1190 


PUSH 

DE 


nun 8 

11 91 


CALL 

HITCHK 


m 

1 1 92 


POP 

DE 


r 1 

1 1 i/ft 


POP 

BC 


DO . ? 

) 194 


ADD 

IX, DE 


:‘'.',Dr4F 

1 195 


LD 

A,(SEMI4S) 

i CHECK IF DEATH MODE 

3fi 

1 196 


DEC 

A 


?: iF 

1 197 


•JR 

Z,LOOP-* 


1 ‘'i F 

1 1 98 


DJNZ 

LPPP2-* 


1 'Tip 

1199 


JR 

LOOP-* 



1 S'l.ii'i 






1201 

ENDRND 

EXIT 



r ■( iA 

1 ?D2 


..IP 

STRND 



1203 

, 
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202 


201 


1 r: ■:Ci 

Oi : :4F 

1 p.i'l 

FNDGAM: LD 

IP?:-: r 
11: P'1 1' 

!; r 

1 201 

1 20(. 

BIT 

RET 

in 


1 207 

SYS 


A, (GAMSTB) 
GSBEND, A 
Z 


1 P -:: : 

12 i -''7 DTi' 

in :l: 

1210 

I nir 

1.2 1 1 

mil 

1 2 1 2 

I n-vi 

121 ? 

1 r :-1 

1214 

1 r•• 1 o 

1215 

1 n-in 

1 2 1 6 

1 

1 :■ 1 7 

1 r'. : 

121 :P 


JNP SCT7, ENDRND 
-IMP SFO, ENCiRND 
Rl: SPO, PPOTO 

RC SPl.PPOTl 
RC SJO, JOYO 
RC SJl.JOYJ 
MC SKYD, PISS 
RC STO,FIREO 
RC STl.FIREl 
RC SSEC. DCLOCK, +END 


I-'.-" BULRIT DONT CHRDIS 

' III IN I t HRliIS 

'•'■ •I iJONf CHRDIS 

DON I CHRDIS 

1224 DONT CHRDIS 

1225 DONT MRET 


1E5D OS 

1227 

1228 

1229 

1230 

1B5F n? 

1231 

iBOF nnF5 

1232 

IBOl P;F7;.:; 

1233 

IB.'-.:P n :Oli 

1234 

1BO'- ■iri'S 

1 'Tz-Tre:; 

1B/.7 li ;or 

1 236 

IP.'.'- ,I!,•4F 

1 237 

1B7,I 1 li.-.niD 

12:38 

IPv.f rii. 9in 

12:59 

1B7- Of 

1 240 

IB.-' : .’froF 

1241 

1B7.'. Illii I'0 1 ,],< 

1242 

1B7i': 

1243 

IB7I 1 I i •'; I 4 

1 244 
1245 

1B7I 

1 246 

IBSI -..ir 

1247 

1B:P ■; III,. ,r 1 7 

1 248 

IBCV, , r 

1249 

IBS" 

1250 

1 BOS 

1251 

IBSO liT'i nOlOF 

1 252 

1253 

1 B:PF ••■• :0 

1 254 

tP'''< . inniD 

1255 

IB-i'l 1,..,. 

1 256 

IB'i'O lin'.FOR 

1257 

inm: 1 ■ 

1258 

IB- ■7 '.1 

1 259 

1 B'-'T, . 

1 260 

IB'I-I ' . 

12.M 

IB-'i ri: 

1 262 

IB-'l, 

1 

IB-l i|,.iF 

1 '64 

IBA.- 1 : 

1 ::65 

1BA4 It-..110 

1266 j 

1 :'67 (- 

1I:A7 

1 ?6S 

IBA' .-l.liiip 

1 269 


i « OUNFIGHT WRITE INTERRUPT ROUTINE * 

; «***^t*^n^*^nnt^t■^nt^^**^t*#**^^****„*^,*,^,,^ 

OFWRIT: EX AF,AF' 

EXX 


OFFH ; ESTABLISH TICKS INT 


PUSH IX 

BEG I NT: LD A, LFRVEC. AND 
OUT (INFBK),A 
LD A,LFRLIN 
OUT (INLINI.A 
LD HL, WRITQ 
CALL FIRST 
CALL DELQ 
XOR A 

LD <URINAL),A 


i GET FIRST WRITE Q ENTRY 
i DROP FROM WRITE Q 


BIT 

•JR 

GUNFIGHTER 


VBSWAG,(IX+VBSTAT) ; 
NZ,GFWRT1-* i JUMP 
- ELANKETH HIM 


WAGON? 
IF YEP 


LD DE. 1405H ; 

SYSTEM VBLANK j 

LD H, LEGO. SHR, 8 i 

LD L,(IX+VBLEG) 
INC L i 

INC L 


LOAD BLANKING FARMS 
CALL BLANKER 
WRITE LEG PATTERN 

SKIP OVER LINK AND TIME 


w I Nji I c.ri vuvn jl I n 

IS GUNFIGHTER DEAD? 

GIT VBSINT, (IX+VBSTA 
JR NZ, GFWRT5-* ; 

LD HL,ARMTBL ; 


LD D, O 
LD E,<IX+VBARM) 
add HL, DE 
LD E,(HL) 

INC HL 
UD D,(HL) 

EX DE, HL 
SYSTEM VWRITR 
LD HL, GFBODY 
JR GFWRT2-* 
BLANK THE WAGON 


1 AND WRITE LEG 
) 

JUMP IF SO 
LOOKUP ARM PATTERN 


i WRITE ARM PATTERN 
i LOAD BODY PATTERN 
i JOIN WAGON WRITE 


•FWRTl. LD DE, 1604H i LOAD WAGON SIZE 
SYSTEM VBLANK 
LD HL,WAGPAT 
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204 


203 


1 bat 


1 :'7o 

ir.TT IT'.-. 

■r 

1g71 

1 nf 1 riD/ . 

■,D 

1272 

IIJT 11'. 

TF 

1/7:::; 

1 r I ' 1 h’. 1 n t 

1 . 

Ml.. 1 il <1 1 


1 . 

! 1 ,1 ,1 * ■; : 


1 

11-.1:11 D’ 


1 / / 

tPlT' Fl; 


127S 

1BPF 1 


1 27? 

1 pr 1') 1 r.r 

IF 

12:r:0 

IBC ': F T-7 


1281 



1/S2 



12;;-;J 



1 /:E;4 

Ipr'-, FS 


12SS 

IprV;. 


1286 

1BC7 DT. 


1287 

IBCR F^. 


12:38 

IBC'-' nrn '' 


12 S’? 



12vO 

1 r-r r: : i i 

TF 

l/yl 

\ nrr Mil CiO 

12V2 

1 rni G . ■ 


1 .vs 

1 rti-; : • 

1 D 

1 /v4 

11:11.'. 


l/ys 

1 '■:n / Ml. 

r<i) 

1 /-.‘I; 

ICIlA G. . 


1 7YT 

Ill::- 1 I, G 

1 n 

1 i'GS 



1 .:yy 



1 '<00 

ir-DF Of 


1 i;oi 

JFFG ^ ! 

. 'F 

I SI.'2 

1 FI' F ' 


l.?;i.'.s 

IFF'", f; 

l 34F 

1 so 4 



l.SOF' 

,ri'-. |.. , 

.1, t 7t 

1 .SOfc 

IFMT 


1 'jt:* / 

UTF I'T' 

■GE 

1 SOS 

IFI I i . 

.Ip 

1 :-.i:>'? 

IFF'. I'G : 

I'.F 

1 S1 0 

iF.f-s r. , 


1 S 1 1 

IFFA • . ■ 

■ 

1 s 1::: 

irrr !ii i : 

:A 1 B6 

1 13 



l s l 4 

llTri., I'l 

:AI /E 

1 'JS 

, , 1 


1 S1A 

1 r I'v'-. 1 ■; ■ 

..'.B 

1;S17 

1 F' . 


1 s J ;S 

IfG, 111. 

.‘.n 

1 s L y 

11 - or 


1 .S/O 

11-1 1 11 

.,F 

l sill 

If IT ri ■ 

'■'D 

I 'L 2 

!i- 1 7 r I- 

,f 

1,:/': 

1 r 1A . ! ■ 


1 .S'. 4 

1 r 1 D 1 


l.S/', 

GTFf F 


1.31'/-. 

triF J 


1 S/7 

1 r 11 r 1 


1 S28 

ti'.'O , 

> 

1 :s2y 

If?.' r 

11 < 


\y-30 

1 • :) 

M hi i 

Il lilii 

l.ot l.l 

! :w 1 1 [, 

1 ; 

1 : 

ir . F [iDi 

1 :iT 1 F 

1 :S4 



1 SSU 

1C31 ]11 

'00 

T :S:s<:. 

irs'l DFl 

■> 

1 S 57 

1 r1 c,r 

1 

1 J:s3 



1339 

ir : .1 1 

:'4F 

1340 

D :|: Ml/ 

I; ID 

1 34 1 

11' :r 


1342 

IFTG ::F7A 

1343 

1CT7 riFTiD 

1344 


OFWRT2: 

0FURT4. 

GrWRT3: 


EIRE 


GEWRT5 


SYSTEM VWRITR 


ED 
LD 
LD 
i At L 
liiE 
■ EX 
EXX 
El 
RET 
LD 
JR 


( IX+VBCiAH), D 
<IX+VBOAL), E 
HL,VECQ 
ADDTQ 
IX 

AE, AT 


HL, NULPAT 
GFWRT2-* 


NOW WRITE 


ADD VECTOR TO VECTOR Q 


i « GUNFIGHT LOW FOREGROUND ROUTINE * 

; ***»*•**«■*■«•***•« 

GFLFR: PUSH AF 

PUSH BC 
PUSH DE 
PUSH HL 
PUSH IX 

i BUMP TIME BASES OF ACTIVE OR INTERCEPTED VECTORS 
LD HL,EULVl+VBSTAT 
LD DE, BULVSZ-1 
LD E, 4 
CALL TBUMP 

INC HL i SKIP LINK FIELD 

LD DE,GFVSIZ-1 
LD B, 3 
CALL TBUMP 

I LOOP TO UNWRITE. THEN WRITE ALL 4 BULLETS 
i BUT FIRST, A WORD TO OUR SHIFTER 
XOR A 

LD (URINAL), A 
LD B. 4 
LD IX.BULVl 
, UNWRITE THIS GUY? 

WRDUt.l: BIT VBBLNK, < I X+VBSTAT) 


Z,WRBUL2-* 

H,<IX+VBOAH) 
L, <IX+VBOAL) 
A,(IX+VBARM) 
(MAGIC), A 
(HL), OCOH 


GET LAST MR 

UNWRITE BULLET 

CLEAR BLANK BIT 


JR Z,WRBUL2-» i JUMP IF NOT 
LD 
LD 
LD 
OUT 
LD 

RES VBBLNK, (IX+VESTAT) 
j SHALL WE WRITE THIS GUY? 

WREUL2: BIT VBSACT, (IX+VBSTAT) 

Z.WRBUL4-* 

D, (IX+VBYH) 

E, (IX+VBXH) 

A, (IX+VEMR) 

SYSTEM RELABS 
LD (IX+VEOAH),D 
( IX+VE:OAL), E 
(IX+VBARM),A 
HL. NORMEM-SCREEN 
HL, DE 

UR1NAL-SCREEN+NORMEM 
A.(HL) 

DE, HL 
(HL), OCOH 
A 

Z.WRBUIS-* i JUMP IF NOT 
VBSACT. ( IX*-VBSTAT) 

VBSINI,(IX+VBSTAT) 

WI.BOl 3 SFT VBBLNK, ( IX+VBSTAT) , - . _ 

, STEP TO NEXT i;;ULLET VECTOR, LOOP BACK IF NOT DONE 
WRBUL4 LD DE,BULVSZ 
ADD 1X, DE 
DJNZ WRBUL1-* 

i GET NEXT PATTERN TO WRITE, AND SCHEDULE HIM 
LD HL.WRITQ 
CALL FIRST 

JR Z,WRBL5A-» i JUMP IF EMPTY Q 
LD A,WRTVEC. AND. OFFH i SET FEEDBACK REG 
OUT (INFBK),A 


DIFER 


JR 

LD 

LD 

LD 


LD 

LD 

LD 

ADD 

EOU 

LD 

EX 

LD 

OR 

..IR 

RES 

SET 

SFT 


KIIL ACTIVE BIT 
SET INTERCEPT BIT 

&f:t blank bit 
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205^ 


206 


1 T 4 4 

nn7 

FOB 

1345 

LD 

A, ( IX+VBYH) 

WHICH WINDOW TO USE? 

11-4- 

FF ■ 

:t 

134/. 

CP 

MINBNP 

COMPARE TO WINDOW BOUNDARY ^ 

1C4' 

;rv- 

i 

1347 

LD 

A,BOTLIN 

ASSUME BOTTOM LINE 

11 .11: 

,. 


1.348 

JR 

NC,MRBUL5-$ 

JUMP IF GOOD GUESS 

1 r .111 

\ 

", 

1 349 

LD 

A,TOPLIN 

WRONG - USE TOP 

1 r 1. 

II ■ ■ 


! -3;.r.. 

WRBUL5: OUT 

(INLIN), A 

SET LINE REGISTER 

IT'D 

'■ 


1 33.1 

El 






1 352 

, LOOP THRU 

VECTORING THOSE DAMN BULLETS 

IT 

i ll 

: 1: :4F 

1 3‘.-.3; 

WRBL5A LD 

IX,BULVl 


IT'D 

■'..'J. 

J 

1 354 

LD 

B, 4 


D'D: : 


ID 

1 355 

LD 

HL, BULLMT 

HL = BULLET LIMITS TABLE 

IT'.I 

1 t 

.« .0 

1 35/-. 

LD 

DE, BULV3Z 


irrr 

l'i» 

-M.r/t 

1 357 

WRBUL/:.: BIT 

VBSACT, <IX+VBSTAT) i ACT IVE BULLET? 

IT... 



1 358 

JR 

Z,WRBUL7-* 



!'■/ I 1 SYSTEM VECT 

ir - ! ;i . K 1 ;:60 BIT VECLAT, < IX+VBXCHK) ; DID Y HIT EDGE? 

.1 1 i-M JR Z.UIREUL?-* i NOPE 

ir.' ; i.lii.'lBI J RES VBSACT, < IX+VESTAT) ; DEACTIVATE BULLET 

IT'" M’l ' 1 :i,WREUL7: ADD IX, DE 

IT/ I ID DJNZ WREUL6-* i LOOP BACK 



1 3/.5 

j NOW PUT SOMETHING ON 

THE WRITE (3 

ir v-i - 

13/-./-. 

LD 

B, 2 

> MAX 2 TIMES THRU 


M .-IP 13/-.7 

LD 

HL, VECQ 


ir;- i 

I T: ID 1 34-.S 

GVECT: CALL 

FIRST 

i GET VECTOR Q ENTRY 


i.l . i i: 1 3/.9 

JP 

Z,GVECT4 

i JUMP IF Q EMPTY 

1 r f 1 

|.. ■ID 1370 

CALL 

DELQ 

i DROP FROM VECTOR Q 

t r ■:. 1 

1 1 -;71 

El 




1 372 

, WAGON? 



u' - - ‘ ' 

| i . 14/-. 1373 

BIT 

VBSWAG, (IX+VESTAT) 


''■■ ■ ' "Ttn 137 4 JP NZ,GVECT5 i JUMP ON MACON 

ITZV. , DEAD? 

I r M , j. I /.p I ,;7A, BIT VESINT, ( IX+VBSTAT > 


\'-n JR NZ,GVECT1-* i JUMP IF DEAD 

I -iZS . ZERO VELOCITY? 


n 

1 1. ' i . 1 

1 379 

LD 

A.<IX+VBDXL) 


If. 

' |.|;...,4 

1 330 

OR 

<IX+VB0XH) 


ii-',.' 

' .r.i 

1381 

OR 

<IX+VEDYL) 


If,. 

1 il .1 :.'.i j-'V 

1 382 

OR 

<IX+VBDYH) 


1 r -,i 

:. .1 7 

1 3821 

JR 

NZ.GVECTJ-* i GVECTl 

IF NONZERO 

1 r 

^|D.•.■’0.■> 

1384 

LD 

(IX+VBTIMB), A » ZERO 

TIME BASE 

1 f1 

14,1 |:i.,l/;./-, 

1 385 

GIT 

VBSNOM, (IX+VBSTAT) i 

ALREADY STATIONARY? 

1 r A'. 


1384. 

JR 

NZ,GVEC3A-* 



1387 ; SET STATIONARY LgGS 

1T A • I I, I : -IE 1 J : ; LD < IX+VBLEG > , LEGO. AND. OFFH 

n ,-,1. M. I III nr | SET VBGCHG, < I X+VBSTAT ) ) SET CHANGED 

I'nl DIM.111:/. 1 3 u SE. I VESNOM, (IX+VBS TAT ) i AND STATIONARY 


1 «■ 1 1 1 

I;.. 

I3':'i 


JR 

GVEC3A-* i 

JUMP TO ARM CHECK 



1392 

i MOVING GUNFIGHTER 




1393 

i VECTOR 



iCB5 

■■':371p 

1394 

GVECTl 

: -LD 

HL.GUNLMT i 

LOAD OF LIMITS 

1 r:B8 


1 395 


SYSTEM VECT 


1 r DA 

.t >: ! 

1396 


JR 

Z,GVECT2-* i 

JUMP IF HE DIDN'T MOVE 

irt:f 

Iilii no IDF 

1 397 


SET 

VESCHG. (IX+VBSTAT) i SET CHANGED BIT 

Ifi r, 

IIIII noiA/-. 

1398 


RES 

VBSNOM, (IX+VES 

TAT) i CLEAR NOT MOVING STATUS 



1.39'9 

I NEED 

WE GO 

TO NEXT CELL IN ANIMATION SEQUENCE? 

irC4 

Dii/r 11 

1400 

GVECT2 

: LD 

A,<IX+VBLEGT) 

i A = ANIMATION TIMER 

ICC/ 

■71 

1401 


SUB 

C i 

SUBTRACT TIME EASE 

ices 

FMIAIC 

1402 


JP 

P.GVECT3 i 

JUMP IF NOT COUNTED DOWN 



1403 

i GET 1 

NEXT CELL 


ICCD 

Dll'.f 12 

1 404 


LD 

E,<IX+VBLEG) i 

GET LINK 

U'lT 

III 

1 105 


LD 

D, LEGO. SHR. 8 ; 

SET H. O. PART 

11" 1 ji 1 

1. 

1 4(16 


LD 

A,<DE) i 

A = NEXT 

1 r 1.1 

M' ■ 1 

1 4i:.7 


LD 

(IX+VBLEG), A 


1 Ml 1 

1 

1 408 


INC 

DE i 

STEP TO TIMER 

1 Ml' . 

1. - 

1 l.)9 


LD 

A, <DE) i 

GET NEW TIMER 

J 1 1 1. . 

R!.. i.,iinL 

1 410 


SET 

VBSCHG,(IX+VBSTAT) i SET CHANGED BIT 

1 r 11,'. 

11 

1411 

GVECTS: 

LD 

(IX+VBLEGT), A 

; STORE BACK TIMER 



141 ;■ 

, DID ARM CHANGE? 


1M.li 

1 1 M-.r 

1 4 i 1 

GVF'CSA: 

LD 

A,(IX+VBARM) 


in '■ 

).■ . I 1 o 

1 11 •! 


CP 

<IX+VBOARM) i 

COMPARE TO OLD ARM 

11' f : 


1 4 1 5 


JR 

Z, GVEC3B-* ; 

JUMP IF NO CHANGE 

1 / r 

r.| . .IDE 

1 4 J 6 


SET 

VBSCHG,(IX+VBSTAT) i SET CHANGED BIT 

U ' ■' 

'1 '1.;, 

1 4 1 7 


LD 

(IX+VEOARM), A 




1 4 1 :3 

. ADD ITEM TO WRITE Q? 


11 r r 

I.' i..|5i; 

1 4 1 I.- 

GVFC3B. 

BIT 

VESCHG, (IX+VESTAT) 
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in .1 


, 

14 

JR 

NZ,GVECT6-i 

YES GVECT6 




j .1; 1 

, MO CHANGE - 

LINK TO VECTOR Q 

HI ■ 

:■ M ’ 

■ ■IF 

i-'i:.;. 

LD 

HL,VECO 


1' 1 ■■ 

1 1 ■ 

1 1 ri 

14 • 

ijALL 

ADDTQ 


H 1 :■ 



1 424 

DEC 

B 


1 I' 1 ■ ' 

i' 

■ 1 L 

14 2 5 

JP 

NZ.GVECT 

SUB FOR DJNZ 

1 n ■ 

1 ! 


14:'/-. 

GVECTA: El 



in I. 

i’ 1 .1 11 

.../ 

147 

CALL 

STIHER 


1 .. 

!■! ; 


142ft 

POP 

IX 


III. 

r 


1429 

POP 

HL 


t r.M 

1.1 


1 4 ftO 

POP 

DE 


1 r.. • 1 

1 


1 4“:l 

POP 

EC 


11. 



14';2 

POP 

AF 


1 ri. ■ ■ 

r 


1 4 7 ft 

RET 






1 1 ft 4 

. VECTOR AND 

Q WAGON 


111. • ■ 

. 

III 

14 ft. 

0VECT5; LD 

HL. WAGLMT 


1 r.. 



14-76 

SYSTEM VECT 


1 r.. ■( 


•IF 

1 4 77 

LD 

HL, VECQ 


11.. .1 

1 r 

I n 

1 4 ftift 

CALL 

DELQ 

REMOVE PROM VECTOR Q 

iin . 

|i! ' 

.. 11 -'F 

1 4 7 9 

0VECT6: RES 

VBSCHG. <IX+VBSTAT > 

1111 /. 

:■ ! 

IF 

1440 

LD 

HL,WRITQ 


in'-' 

r 1 . 

11 n 

144 1 

CALL 

ADDTQ 


1 n 1 r 

I ■ ( 


144 2 

JR 

GVECT4-* 

JUMP BACK TO QUIT 




144 ft 

i ROUTINE TO 

BUMP TIME EASES OF VECTORS 

IHlf 

7( 


1444 

TFftUMP: LD 

A,(HL) 

GET STATUS 

1 ii 11 



1 14'ft 

INC 

HL 


III 1. 


, 

1 .|4.'. 

AND 

OAOH 

ACriVF OR INTERCEPTED? 

111. 

:i 1 


1 1 .'1 / 

JR 

Z,1BUMP1-* 

NO - TBUMF'! 

in 1 

■4 


1 4 If: 

INC 

(HL) 

BUMP THE TIME BASE 

in,-'-. 



1449 

TEUMPl; ADD 

HL, DE 


1 Dl?.'-. 

10F6 

1 450 

DJNZ 

TEUMF-i 


1 n.-' 

f o 


1451 

RET 






1452 

; SUBROUTINE 

TO DELETE ENTRY AT FRONT OF Q 




145:ft 

, ENTRY: 

HL = HEAD-TAIL, IX = OBJECT, A = CLOBEERE 

in:-. 

1 . 


1 4'74 

DFLO: DI 



Hi .'ll 

nii/FFF 

1455 

LD 

A,(IX+NEXT) 

HEAD = NEXT(OBJECT) 

in?n 

77 


1456 

LD 

(HL),A 


ID'-F 

A7 


1457 

AND 

A 

IS HEAD NOW NIL? 

iri?F 

ro 


1458 

RET 

NZ 

QUIT IF NOT 

iP’iii 



1459 

INC 

HL 

YES - SET TAIL = NIL TOO 

1 Cl? 1 

-7 


1460 

LD 

(HL),A 


1 n ■: - 

: I; 


1461 

DEC 

HL 


iri-: : 

I' ■ ■ 


1 462 

RET 



in': 1 

1i|< ; 


MOft 

COW INT LD 

(IX+VBDXL), 50 

i SLOW WALK OUT 

1 n ■ ■ 

; 11 ; 


14.'.4 

LD 

(I X +VESTAT), 80H ; ACT IVATE 

I n :i 

1 li 1 ; 


1465 

LD 

(IX+VEXCHK), I 


in-i" 

M. 

.»*r.4» 1 

1 466. 

LD 

(IX+VBYCHK),1 


iri.11 

I'll 


1 467 

LD 

(IX+VBXH),4 


1 n/i- ■ 

It 


1468 

LD 

(IX+VEYH),40 


iri'ii' 

' ■ , ; 

.*'jF ‘ 

1 469 

LD 

(IX+VBARM),6 

SET ARM STRAIGHT 

1 n-. 

f 1 : 

. 14 r 

1470 

LD 

( IX+VELEG), LEGO. AND. OFFH 




1 471 

i JP 

ADDTQ 





14 72 

; SUBROUT INE 

TO APPEND ENTRY TO END OF Q 




147::7 

i ENTRY: 

HL = HEAD- 

TAIL BYTES, IX = OB.JECT, A, DE C 

1 riH 1 

1 ihf 

. 

t 474 

ADDTQ: PUSH 

IX 

DE = ENTRY 

1 rr..- 

1 >; 


1 475 

POP 

DE 


1 ri'.. ■ 

1 


1476 

DI 



in':; 

' ; 

'-.FFuO 

1 477 

LD 

(IX+NEXT), 0 

NEXT(OBJ)=NIL 

1 n'.i 



HF/ft 

INC 

HL 


iri'.n 

I 


1 479 

LD 

A,(HL) 

A = OLD TAIL 

in'.! 



1 480 

LD 

(HL) , E 

SET TAIL = . OBJ 

I n' .F 

■ 


14;ftl 

AND 

A 

WAS OLD TAIL NIL? 

I rii'.i . 

:: '1 ■ 


1 482 

JR 

Z,ADDTQ1-* 

JUMP IF SO 




1 483 

, NuNNIL OLD 

TAIL, SET NEXT(OLDTAIL)=. OBJ 

ini'.:- 

' \ 


1484 

LD 

E, A 

DE = . NEXT(OLDTAIL) 

1 [!/■■ - 

'\ 


1 4 iftS 

LD 

A,(HL) 

A = OBJ (FROM NEW TAIL) 

1 pH-i 

\ 


1 486 

DEC 

HL 


1 n.'' 

: 


1 487 

DEC 

DE 


1 n.'.. 

1 


1 4:78 

LD 

(DE),A 


in.' ■ 



1 -Cfty 

RET 






1 490 

, NIL OLD TAIL CASE 


in^. 



149 1 

ADDTQ1. DEC 

HL 

BACKUP TO HEAD 

in^ ■ 



149 7 

LD 

(HL ), E 

HEAD = . OBJ 

ini' .. 



1 .19 7 

RET 






1494 

, SUBROUTINE 

TO POINT IX AT FIRST ENTRY ON A Q 
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If'/1 

1 n/1 

iriMi 
in/ F 

I h. ( 

III '(I 

I I I I 
til/ 
iri7,-: 
t ri74 

1 rr/'". 

in? 7 


t n/K 
I M/’:- 
I TVn 

1 rivr 
1 ii ■n 
1 n T 

I Ii:': ! 

1 ri:'T: 

1 r.;-:'-’ 

1 rifiA 

1 n;-:n 
I nni- 

1 ri'-i-) 

1 r-' • 1 

I ri'''.-' 


1 ri'-' 

1 rr-"-' 

I iv'r 
1 rmn 
1 n/iR 

I r<r:1 
1 nr; 7 
inr n 
irn 
1 nr / 

I nr;; 
inr--' I 

1 r>r A 
1 nr n 
in r 
inrn / 
Tiirr ” 
I n I 

I nil ■' 

110(17 

;>i;)r)rir; 

rOOOE; 

'■ooriB 

>oooc 


209 



1 495 

i ENTRY: 

HL = Q 

HEAD-TAIL 


^1496 

( EXIT: 

IX. DE = 

OBJECT. A = L. 0. BYTE OF i 

( 

1497 

149S 

FIRST: DI 

NONZERO 

STATUS SET IF Q NOT EMPTY 

■ r 

14 >9 

LD 

E. <HL) 



1 5(jO 

INC 

HL 


■' ' 

1 51-1 1 

INC 

HL 



1 ' .( ).■' 

ID 

n, (HL) 

i D = H. O. ADDR. BYTE 

1 

1 ' .11 ; 

DEC 

HL 


1. 

r.iri 

DEC: 

HL 


,’f 

I'.OS 

LD 

A, E 

i E = HEAD OF Q 

f)' 

1 506. 

AND 

A 


ns 

1 507 

PUSH 

DE 


nriF 1 

r -j 

150;3 

15i09 

POP 

rEt 

IX 



I 

i 1' 


I 

I I 



151 1 

1512 

1513 

1514 

1515 

1516 
1 51 7 
1 5 1 

1519 
1' 720 
.'■.4?.- 15/1 
1 5 72 


i »•»■»*»*«*«****•»**•«■«•»*** 

i * GUNFIGHT CONSTANTS * 

i ■«■****«*#**»*#»*****•»** 

ORG <*+l). AND. OFFFEH 

INTTBL: 

LFRVEC: DEFW GFLFR 
WRI'VEC: DEFW GFWRIT 
i WAGON LIMITS TABLE 
WAGLNT DEFB TLINE 

DEFB BLINE-24 
GFTF^DY: DEFM 'GET READY' 

; GUNFIGHTER LIMITS 
GUI'JLMT: DEFB 0 


■It' 


1524 
1 '725 
1526 
15,. 7 
I 'I'S 


DEFB LCACX-17 
DEFB TLINE 
DEFB ELINE-20 
DRAW: DEFM 'DRAW 

, BULLET LIMITS 


1529 

BULLMT 

DEFB 

0 

1 5-30 


DEFB 

159 

15:31 


DEFB 

ALINE 

r532 


DEFB 

BLINE-1 

1 

BN 

MACR 

#DX.#ARMX, #DY. #ARMY 

15. ;4 


DEFW 

#DX 

12.25 


DEFB 

#ARMX 

15:36 


DEFW 

#DY 

1537 


DEFB 

(♦ARMY 

r:.3S 


ENDM 


1539 

BULTAB 

BN 

7GS. 15, 76.S, 15 

15-10 


BN 

1024. 15. 512, 12 

1 54 1 


BN 

1024, 15.256, 11 

1542 


EN 

1024,15.0,8 

I'-.'IB 


BN 

1024,15,-256,6 

154 4 


EN 

1024,15,-512,4 

154'. 


BN 

76S, 15, -768, 3 

i'. F'. 

LFTAB: 

DEF5 

72, 22, 44, 67, 14 

l'.17 

RFTAB: 

DEF5 

13, 68, 40, 13, 63 

IG-l:-; 

GFCOLS: 

DEFB 

9DH 

1 ' .-19 


DEFB 

76H 

r-SO 


DEFB 

OFCH 

1'.51 


DEFB 

87H 

r'52 


DEFB 

9DH 

1553 


DEFB 

76H 

1554 


DEFB 

6CH 

1' 


DEFB 

S7H 

■/. 

■. 1H1 r. 

ni;lG 

6, 6, 0, 0. O, 30H, 30H, 0 

1 ■ •' • / 


IK E 4 

0, ;r;OH, OFH, OFH 

1 

NUI'li:;: 

EOU 

000001 HE i COLOR 

1559 

EUl, T' 

EOU 

OOOOIOIIB 

1560 

TIME 

EQU 

0000101 IB 

1561 

LARGE: 

EQU 

0000101 IB 

1562 

LARG2 

EQU 

OOOOllOOB 


1564 i »*«***■*«■***•»*«****•»*»« 

1'.765 i * GUN FIGHT PATTERNS * 

11-16.6 ; «•»*■«■•»■»•»■■*■«•■«■•»**•»■•*•»»•»«■■»■»* 

1567 i 
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1P7.S 

, F'PTTEFxN TABLES; 

inriB f 

1 n 

1P6V 

ARMTBL: 

DEFW ARMO 

innn i’. 

■ r- 

1 P70 


BEFU ARMl 

tnnf 1 

^ 1 r 

r-.7i 


DEFW ARM2 

1 PF 1 ! 

i r 

1 7 77 


DEFW ARMS 

1 PF ■ 

i f 

1 '.77; 


EiEFW ARM4 

t pr 

• : 

1 '.74 


DE_FW ARMS 

1 riF ;■ 1 

' i ■ 

1 ' . 7 


DEFW ARM6 



1 '.76 

. l ATTERN 1 IFF INI T ION MACf 



1 "..■7 

PFF02 

MACR #A,#B 



1 777 


DEFB OllAH 



r-.7y 


DEFB 0#BH 



1 '7SCi 


ENDM 



1 77:1 

DLL 03 

MACR HA,HE,#C 



177:2 


eie:fb o#ah 



1 ' 


DEFB OHEiH 



J ' .: -;4 


DEFB OHCH 



1 ' .-77 


ENDM 



l';.:7.i 

PEF04 

MACR HA, HB,#C, HD 



r .:::7 


DEFB OHAH 



1 7:5:? 


DEFB OHBH 



1 ■ .;P9 


DEFB OHCH 



1 '..P'O 


DEFB OHDH 



1791 


ENDM 

t PF”'"' 


1 ‘7 72 

TFEl- 

EiEF2 1,17 

IPFP '■ 


IPvP 


EiEFE 00001OOOE 

1 pr I 1 


1794 


DEFB OOOlllOOB 

IPFP ■ 


I 7'77 


DEFB OOlllllOE 

IPFF ■ 


1 7'7,--. 


DEFB 0110101 IB 

tprr 


179 7 


PEFB OOOOIOOOB 

ItiFi' 


179:P 


DEFB <>0001 OOOE 

1 pr 1 


r .' ":l 


DEFB OOllllOOE 

1PF. 


1.' .Pt 1 


DEFB OllllllOB 

IPFP . 


1 .'.PI 


DEFB 1010100IB 

1 rir .1 ■ 


16ii2 


DEFB OOOOIOOOB 

1 riF'-. 

t 

160 7 


DEFB OOllllOOB 

IPF.'. ■ 


1 . .04 


DEFB OllllllOB 

1 Pf 7 1 

f 

1 .'.lip 


DEFB 1110101 IB 

IPF:' 


1 .M'lA. 


DEFB 1000100IB 

ipr--' • 


1607 


DEFB OOOOIOOOB 

1 pf p 1 

• 

1 ''■■08 


DE'FB OOOlllOOB 

irrr: 

.( 

1609 


CiEFB 10) 01 HOB 

1 ri( 1 


110 

AF.'NO 

DEF04 tiA, OA, 2, 5 

If 1 M . 


l.'.l 1 


DEFO,'. 4ti, 00, 

11II.' 


|.. 1 2 


Dl.1-112 2.1,00, 

IFP'l 


1613 


DEFi;)2 04, i iO, 



114 


DEF02 01,nO, 



161? 


DeF02 00,40, 

tFOP 


16.16 

ARM 1: 

DEFt:>4 OA, OA. 2, 3 

IFPF 


1617 


DEF02 50, OO, 

1F Hi 


1618 


DEF02 14,00, 

1 F 1 7 


1619 


DEF02 01,40, 

IFlfl 


1620 

ARM2: 

DEF04 OA, OA,2,2 

IFlS 


1621 


DEF02 54, 00, 

IFIA 


1622 


DEF02 55, 40, 

IFir 


1623 

ARMS: 

DEF04 OA,7,2,4 

if:>p 


1624 


DEF02 10, 00, 

1F2? 


1625 


DEF02 05,40, 

iF'r'l 


1626 


DEF02 54, 00, 

1F :■/ 


1627 


DEF02 50, 00, 

1F 7 ■: 


l.'.2S 

ARN4 

DEF04 OA, 6, 2, 5 

1F r-r 


1 .'.29 


DEF02 00,40, 

1 F/F 


1 (-■'■0 


DEF02 45,00, 

It- -:n 


1 6:31 


DEF02 10,00, 

1F p:- 


16;7;2 


DEF02 50, 00. 

1FP4 


1 


DEF02 40, 00, 

1 f-'f- 


1 .'.";4 

ARM?; 

DEF04 OA,5,2,6 

tFPP 


1 6.:75 


DEF02 00, 40, 

1 FPr: 


1 6..,S6 


DEF02 01,00. 

1FPF 


1 637 


DEF02 05,00. 

1 F4P 


16;iS 


DEF02 14,00, 

1F47 


J .:..39 


DEF02 54,00, 

ir44 


1640 


DEF02 50, 00, 

ir4/. 


164 1 

ARM6. 

DEF04 OA, 5, 1,5 

IF IP ' 

• 1 

164 2 


DEFB OlH 
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214 


11 1 r M 

il3 

K.4:? 

• 7' 

DEFE 44H 

IFTf '.1 

1 G44 

DEFE lOH 

ir-in iM 

I.'.45 

DEFE 40H 

tP/IF L‘. 

l,'-.4/-. 

DEFE 40H 


1/.47 i 

***« NOTE *•»** 


1'Vly , THfc- FULLOWING PATTERNS ARE CONSTRAINED TO EXIST ON THE 
l.'-1 > , PAGE THE FULLOWING 'ORG' WILL DO IT FOR EXPERIMENTAL 
t.'.oo , PATTERNS ARE: LEGO, LEG 1, LEG2, KIL1, KIL2 
If'-'l , ORG (*+255). AND. OFFOOH i *** TEMP *** 


1 F4r 

• 

i.-o;- 

LEG/): 

DEFE LEGl. AND. OFFH 

1 rsr. 

, ..; 



DEFE 4 

ITM 


t.'.‘.4 


DEF04 0, OF, 3, 5 

ir55 


1655 


DEF03 01,55,00, 

1 F 5::: 


1656 


DEF0;3 05, 45, 40, 

I LFr: 


1/-.57 


DEF03 15,01,40. 

1 FFr 


1 6F.S 


DEF03 50.01,40, 

1 F/. 1 


1 6'.v 


DEF03 15,00.54, 

1 F ,'.4 

r' 

1 .'-./■.A 

LEG1 : 

DEFE LEG2. AND. OFFH 

1 F L5 

(-.,1 

L'Y. 1 


DEFE 4 

1 F XY. 


1 662 


DEF04 2, OF, 2, 5 

1 F/-.A 


16/-.S 


DEF02 15,50, 

iF/.r 


1 XY:.4 


DEF02 54,50, 

irx.F 


1665 


DEF02 50,50, 

1F70 


1666 


DEF02 50, 50, 

1 ry :> 


l.'./.7 


DEFU2 55, 15, 

1174 

)i 

1.: 

1 1 1..' 

DI FE IFGU. AND. OFFH 

ir /'. 

t >1 

1 


DEM; 4 

11- 7/. 


l.'./O 


DEI 04 3, OE, 2, 5 

1F7A 


1671 


DEE02 55, 00, 

1F7C 


16.72 


DEE02 15,00, 

1E7E 


167:5 


DEF02 15,00, 

t ESO 


16.74 


DEE 02 14,00, 

1ES2 


1675 


DEF02 05,40, 

IFS4 

DA 

1676 

Fai l : 

DEFE iaL2. AND. OFFH 

lFf;5 

14 

1 677 


DEED 20 

IFFii. 


1673 


DEF04 O, 1,4, 13 

lESA 


1679 


DEF04 01, 10, 00, 00, 

lESE 


1630 


DEF04 45,54, 40, 00, 

IE 92 


1631 


DEF04 55,55,40, 00, 

1E96 


1632 


DEF04 OA, AS, 00, 00, 

1F9A 


1683 


DEF04 OA.A2.00, 01, 

1 F9E 


1634 


DEF04 OA,AA, 80, 14, 

1 FA2 


1 635 


DEF04 02.AA,00, 50, 

1 FA/-. 


1636 


DEF04 00, AS,05, 40, 

IFAA 


1.637 


DEF04 05, 55, 54, 00, 

1 FAF 


1.636 


DEF04 15,55,50,00, 

1 rn? 


1639 


DEF04 54, 55, 50, 00, 

1 FT-J: 


1690 


DEF04 50,05,54, 00, 

1 fra 


16.91 


DEF04 50,01,55.00, 

1 FPr 


1692 


DEF04 10,01,55,40, 

1 FC? 


1693 


DEF04 10,00,05, 50, 

1 Ff /. 


1.694 


DEF04 00,00,01,50, 

1 Fi" A 


1 695 


DEF04 00,00,00, 40, 

1 Fi-F 


169.6 


DEF04 00,OO,01,40, 

IF 02 


1697 


DEF04 00, 00,00, 54, 

irn/-. 

ri.'. 

16'73 

F:;IL2: 

DEFE taL2. AND. OFFH 

1 FFi? 


L .’..99 


DEFE 60 

1 r Fi:-: 


1 700 


DEF04 0, D, 4, 7 

I r Fir 


1 701 


DEF04 01, 10, 00. 00, 

1 FFi'. 


1 70? 


DEF04 45,54,40, 00, 

1 F FT 


1 /.■F: 


DEF04 55, 55,40,00, 

1 FFR 


1 704 


DEF04 OA,AS,00, 00, 

trt-r 


1705 


DEF04 OA,S3, 15,01, 

1 FFG 


1 706 


DEF04 16,A5,55, 41, 

irF4 


1 707 


DEF04 15, 55, 55, 55. 

1 F- F f: 


1 7oS 

CACTUS 

DEF2 1,12 

1 FFA 


) 7< -9 


DEFE OOlOOOOOB 

1 FFF: 

->. 

1710 


DEFE OOllOOOOB 

II FT 


1 71 1 


DEFE OOlllOOOB 

IF rn 

■ 

1 ■ 1 2 


DEFE OOllOOOOB 

in F 

I. 

1 7 1 6 


DEFE lOllOOlOB 

IFFF 

1 

1/14 


DEFE llllOOlOB 

1 Fi'.Fi 

' 

1 7 1 ■ . 


DEFE llllOllOB 

1 F I-. 1 

■ 

1 7 1.6 


DEFE OOllllOOB 

IF" ' 


17)7 


DEFE OOllllOOB 
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216 


215 ^ 


11' 


1 7 1:3 

DEFE: OOliOOOOE 

11 ■ m 


1 / 1 ■-> 

DEFB OOllOOOOB 

IT'-". 


17/0 

DEFB OOllOOOOB 

iro^ 

1 ‘ 

1 / ;■ 1 

GOTME DEFM 'GOT ME' 

iri'i" 


1 7 :■ 2 

NULFAT: DEFB 0 

irri[i 

1 l( 1 

) 7/ :-: 

DEFB 0 

1 n'‘r 

■ ‘ 1 

1 4 

riFFB 1 

11 I't 

t -1 

t / ' 1 

1 d I- B 1 

II III 


1 

1.1 FOFiY 111. ( 4i4 0, 0. :3, F 

1 r 14 


1 / .'/ 

DtEu : 00,44.00, 

1 F17 


1 7:;:3 

r.'EFO* 11, 745, 10, 

IFIA 


ir29 

EiEFO;:; 154,55,50, 

1F1 n 


1 7.3 A 

DEF02; 02, AA, 00, 

1 F20 


17::;! 

DEF03 02,A2,00, 

t F :• 


17.32 

DEF0:.3 02, AA, SO, 

if:-/-. 


1 733 

DEF0:3 00, AA, 00, 

IF?-'' 


17 34 

DEFO:-; 00, AS, 00, 

if:'f 


1 7.37. 

DFIFCiS 15,545,00, 

1F2F 


17 37, 

DEF03 55,55,50, 

IF 32 


1737 

DEF03 51,55,50, 

lF:?:2i 


1 7 3;:3 

DEF03 41,55,00, 

IF 3;-; 


1 7 39 

DEF0:3 41,55,00, 

1F3F; 


174.:i 

DEF03 45, 55,00, 

1 F 3F 

1 

1 74 1 

DEFB UlH 

tF 3r 


1 '4.,: 

DEFB 55H 

1 r -1 !■ 


1 M : 

WAGFAT DEF04 0,0,4,16 

1 F 4 ■! 


I '44 

CiEFu4 00, 05, 54<;i, 00 

1 r 4 r; 


I 7 47 

CiEFl>4 UOi 55, 55, 00 

1 r -ir 


] 7 47. 

DEF04 01.55,55,40 

1 FFl I 


1 4’4 7 

DE"F04 05, 55, 55, 50 

1 F'44 


. 7 4:3 

DEF04 15,54,15,54 

1 F 


I 7 4'3 

DEF04 15,50,05,54 

1 r "-.r 


I '3.1.' 

DEF04 15,40,01,54 

1 FACi 


1 , 4 

DEF04 15,40,01,54 

1 FF'-.O 


1 V':,? 

DEF04 15,50.05,54 

1 r AS 


1 7 7.3 

DEF04 05,54,15,50 

1 r Ar 


l 7'.,4 

DEF04 01,55,55,40 

1 r-7(-. 


1 /FFi 

DEF04 00,55, 55, 00 

IFV4 


1 /F.3 

DEF04 00,15,54,00 

|F-7;rj 


1 /'■.y 

DEK04 02,AA, AA, 80 

1 F 7|- 


1 7:.'.::-: 

DEF04 00,AA, AA, 00 

1 F f-iC. 


1 77.9 

DEF04 12,AA.AA. 84 

1i'r-;/| 


1 7.'31.. 

DEF04 10,A8,2A, 04 

IFflf: 


1 7.'-.I 

DEF04 10,20,08,04 

1 F FF 


1 7a2 

DEF04 52,AA, AA, 85 

IFFO 


177.3 

DEF04 10,20,08,04 

)FF4 


17 .-.4 

DEF04 10,00.00,04 

IF'"':': 


17.35 

1 7.3* 

DEF04 10,00,00,04 

1 r'lr 

' " ■ 

1 7 

1 

f LIDG4 DEFB 0 

1 F‘Ti 


1 7i.9 

M.8ET MASTER CiA4 

1 r If 


1 770 

VOLUME 09H,OH 

1 rFi': 


17 7 1 

1 772 

RET 

, HOME ON DA RANF5E 

IFA": 

■ 1' (Mr 

1 7 / 3 

HOME CALL MSET 

IF (•'7 


1 774 

NO 1EI 36, G1 

IF r 


1 777. 

NOTE! 12, FI 

1 r TiA 


1 •//-■ 

NOTEl 13, El 

I FAf 


1 77 7 

NijTEl 6, D1 

IFAF 


177:3 

NOTEl :56, El 

1 FFA 


1779 

1 7:31.1 

QLIIET 

i f AE’'o 

1 FI: 1 


1 /: :l 

TAI:-, 

nil 

1 11- IM f 

1 /: 

LAI L H:.ET 

1 1 1:4 


1 /: : : 

NO 11 1 18. Cl 

1 Fr.7-. 


J /;.:4 

NOIEt 6, Cl 

IFF::: 


1 7:37:. 

NOTEl 36, FI 

IFFA 


178* 

NOTEl IS, Cl 

1 FFf 


17:37 

NOTEl 6, El 

IFFF 


17S;;3 

NOTEl 36, A1 

IFFO 


1 789 
1790 

QUIET 
i FUNERAL 

1 rr t 


1791 

FUNERL 

IFF I 

r n-.-DiF 

1792 

CALL MSET 

iFr4 


179;;-: 

NOTEl 24, AO 
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218 


217 


1 FC6 



NOTEl 18, AO 

iprs 

i 795 


NOTEl 6, AO 

1 Frn 

1796 


NOTEl 24, AO 

iFrr: 

1797 


NOTEl IS, Cl 

t f r r 

J 


NOTE1 6, BO 

H Un 

1 ;■ ■■? 


NOTEl 18,BO 

1 f 11 - 

1 


NOTEl 6, AO 

n TM 

1 >;01 


NOTEl 18,AO 

1 ( ii/. 

1 ;~:m/ 


NOTEl 6, GSO 

ir Ii: : 

19. >9 


NOTEl IS, AO 

1 r I. 

IftCi.! 


QUIET 

11 ru': 

1:905 

GUNSHOT 

OUTPUT ISH,OFOH, 0F5H,OFDH, OFFH, 0, 3FH, OFFH, OEFH 

if r i 

1 3(j6 


LEGSTA 

1 rr ■. 

1S07 


VOLUME OFFH,03FH 

1 r |- ■ 

1, SOB 


REST 5 

11 

1309 


NOTEl 5, 8FH 

1 r r-r 

1310 


NOTEl 5, 4CH 

IFFF 

13J 1 


QUIET 

Mr FT 

1 f; I 2 

LASTB 

EQU ♦ 



1314 




ISI 5 

; *■ RAM 

CELLS ♦ 



1 31 




1:1 7 


ORG 

NORMEM+OE70H 


4F 

1S18 


DEES 

150 

i ALLOW BIG STACK 

>■11 (•■■■ 

1319 

STACK 

EQU 

♦ 

START STACK HERE 


1 / T) 


DEES 

12 


•■/ll t ■ 

13:i 

MSTAC:K 

EQU 

♦ 


Ml i :• 

1 4:' 

STREAM 

EQU 

♦ 


nr 1 ? 


WRITQ: 

DEES 

3 

WRITE Q HEADER 

fli 1'. 

13-■4 

VECQ: 

DEES 

3 

VECTOR Q HEADER 

■>4I 1 

1 3: - ■=, 

VECSTR 

EQU 

♦ 


A‘ i:- 

1 

BUL.Vl ; 

DEES 

BULVSZ 

BULLET VECTOR 1 

41 0 

ly,’ / 

EULV2: 

DEFS 

BULVS2 

BULLET VECTOR 2 

•'ll :i 

13,-S 

BUI V3: 

DEFS 

BULVSZ 

BULLET VECTOR 3 

.ir IF 

1 379 

EULV4: 

DEFS 

BULVSZ 

BULLET VECTOR 4 

/Il'/.O 

1 S.-:0 


DEFS 

1 

LEFT COWBOY LINK 

4r.'i 

1831 

L.COUB: 

DEFS 

GFVSIZ-1 

LEFT GUNFIOHTER 

■1! 77 

1832 


DEFS 

1 

RIGHT COWBOY LINK 

4FV;': 

1333 

RCOWB. 

DEES 

-GFVSiZr^l 

RIGHT GLINFIGHER 

41 : :l 

|;:34 


DFFS 

1 

WAGON LINK 

41 : :| 

1: : 

WAovn: 

IlFF-:. 

WAGVSZ 

WAGON VECTOR 

■IF -1 I 

1:.:,:.'.. 

WOI .UN 

LilU 

WAGVEC+VBSTAT 


MFA 1 

13.'; / 

FNlihAH 

EQU 

♦ 


>4 FDA 

1 y.3ti 

LBULS 

EQU 

CT5 


>4FriP 

1839 

RBLILS , 

EQU 

CT6 


4FA1 

■ 1.340 

RFIELD 

DEES 

1 


4FA2 

1841 

L SCORE 

DEFS 

3 


4FA''. 

1 34,2 

LFIELD 

DEFS 

1 


4FA6 

1343 

RSCORE 

DEFS 

3 



1844 


LIST 

3 


> 1FFF 

1845 

LEND 

EQU 

LASTB 


4FA? 

1S46 


END 




TOTftl A'-.'FMBLER ERRORS = 2 


*WFriF 3 
t-RFW 2 
tTMO rm 
*% 

*MOSTFK,HVOSVS.ASL, HVOLIE, USG, , MTl 

$ASS SI ASI 

IMOP 

irxr srii, , moi o 
pns Hviv .Y > 

EXIT 

*MOVE SI,5 
♦NOP 

♦FXE SFn,,NOLO 
ASS SI IJSO 
POS HVGl IB 






219 
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220 


FXI 

tunvE SI, 7 

»AVR C1,4 , - r ,vr. Mn 

»ASS 2 MTl 3 SCA 4 SCE 6 LU RAD NO 

4EXE MOSTEK,UMG 


kmitiCi'MI' 2-yo CRri';.'-. 
ADDR rir:.IECT SINT 


ASSEMELERtt HONE VIDEO GAME SYSTEM 
L.AEEL OPCD OPERANEi COMMENT 


/-. 4 .' 

/■•I 

/.-■I 4 

*40 

*46 

647 


LIST S 

+1 H -TV M 

HVl'SYS ► 

** MODIFIED TO CORRECT CALCULATOR 
** AND INCSCR AND CLRNUM DUGS 


C^iUG AND ASTERISK 


f lOfiS 
>i7riE 

:> I 323 

:io 26 

>OE 19 


6 4'3 

PFUG 

, EQU 

OSH 

AT'O 

OF’SIRT 

EQU 

17DEH 

601 

CMSTRT 

EOU 

132SH 

6^l2 

CAL.CST 

EQU 

1020H 

653 

SCBST: 

EQU 

0E19H 


POT FUDGE FACTOR 
GUN FIGHT START ADDRESS 
CHECKMATE START ADDRESS 
CALCULATOR START ADDRESS 
SCRI DELING START ADDRESS 



T ; 660 

Oi'ii’i ■' 6‘61 

Oi'mT-; n 6'-2 

T ..IOC '':-63 


■tt-**-1^ *****■**■■**■** ^^ *** * 

fc POWER UP RESTART * 
*****4Ht«************ 

ORG 0 

NOP 

DI 

XOR A 

OUT (CONCM),A 
.JP PWRUP 


WAIT FOR THINGS TO SETTLE DOW 


*** SET CONSUMER MODE *** 







8 ... 
TRAN:3FER CONTROL TCi RESTART HANDLER 
> 2007H ; VECTOR OUT 


Ai ''''E I' 

orii‘,r 3; 

I ■ 

o.'.OF 


,-.c.y NUMBAS: 
o70 

671 

672 


DEFB ICH 
DEFB 3CH 
DEFB iCH 
DEFB 20H 



674 

rii"pio 1' 

•'O 675 

Oi', 13 . ■ 

676 

14 1 .. 

677 

0015 (■ ’ 

67S 

OOl.'. / 

67'? 


ORG 16 
JP 200AH 
NENUCL: DEFB 06H 
DEFB OFAH 
DEFB 07H 
DEFB 62H 


RESTART 2 
MENU COLORS 


, 1 . ■ 'I*'* 


OOIE FT; 
0010 76 
i;>01D lOFD 
00IF 0;9 


631 

,'..:4 




639 

/-■90 


ORG 

JP 

riAi IF 

LUliliiO-L: 

INIUT; 


24 

200DH i RESTART 3 

PAUSE 

HAl.T 4 OF INn.RRUF'TS 
I,; 4 OF INIFRRUprS 


HALT 
DJNZ -1 


RET 

ORl, 32 

JP 201OH i RPbTAPT 4 


6V6 

f 

002 3 7 ''•97 

0024 2 3 6 •3 3 

(■•O'’''. / ;■ ' 3.2'^ 

0<-,2/. ' ■ ^'-’O 


, NAME SET WORD 
, (HL)-DE 

libLIW: LD (HL),E 

INC HL 
LD (HL),D 
RET 
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222 


221 


002S r":lS20 

702 

703 


ORG 

dP 

40 

2013H 

i RESTART 5 

0 O 2 P r i ■ ■r*or> 

705 

CuNCa: 

LD 

HL, p 

; ZERO OUT HL 

r>r»7'P 1 

70r- 


RET 






ORG 48 



(1 '•'.ly 

dp 2016H 

i RESTART 6 


:■ 1 1 

CKSUHl: DEFB 0 

i CHECKSUM 


■‘M : 1 

713 ITAB: 

DEFU 

MACTIN 

; INTERRUPT 

TRANSFER 

36 ' ■ . 

M4 

DEFB 

1 

; ** SYSTEM 

REVISION LEVEL 


0038 

F3 

17. 

17 

19 

7 27) 

/ 21 

722 

/ 2* r* 

/ :• 4 

*7 yrr^ 

/27. 

K' 7 

7 2.8 

7 29 

7 SC) 

7 .3 t 

7 

7 

7 :'l 

/ 

737. 

737 

73S 

739 

740 

741 

ORG 56 

NAME: USER PROGRAM INTERFACE 

PURPOSE: TRANSFER OF CONTROL FROM USER TO SYSTEM 

INPUT: ROUTINE # FOLLOWS INLINE AFTER RST INSTR 

IF L, 0. BIT SET, LOAD ARGUMENTS INLINE F 
OUTPUT: NONE 

STACK USE: 13 BYTES TOTAL, 16 BYTES ON EXIT 

SIDE EFFECTS: REGISTERS AF, E:C, DE, HL, IX, AND OLD lY SAV 
EXFLAINATION: 

REGISTERS AF,BC, DE, HL, IX, AND PREVIOUS lY ARE PUSHED 
THE NUMBER FOLLOWING THE RST 56 INSTRUCTION IS USED TO 
INDEX A dUMP VECTOR GIVING THE STARTING ADDRESS OF THE 
SYSTEM ROUTINE TO CALL. IF OPTIONED, INLINE ARGUMENTS 

ARE COPIED INTO THE CONTEXT AREA. FOR ARGUMENT ORDERIN 
SEE INTERPRETER DOCUMENTATION AND APPROP. TABLES 

A DUMMY RETURN IS INSERTED WHICH, WHEN RETURNED TO BY 
SYSTEM ROUTINE, WILL RESTORE THE REGISTER CONTENTS AND 
RETURN TO THg USER PROGRAM 

THL Ufl HAS BEEN EXTENDED TO SUPPORT USER SUPPLI 
ROUTINES. IF THE CALL INDEX PROVIDED IS NEGATIVE 

THEN THE USERS DISPATCH TABLE POINTER (USERTE) IS US 
NOTE THAT THE SIGN BIT ISN'T ZAPPED C-tEFORE BEING 

USED AS AN INDEX, THIS MEANS THAT THE USERS DISPATCH 
TABLE POINTER SHOULD POINT 128 BYTES BEFORE THE FIRS 
EX (SP),HL i RETURN ADDRESS TO HL 

0039 

FT. 

742 

RUSH AF 

CREATE CONTEXT 

00:30 

C.5 

743 

PUSH BC 


003F! 

nf. 

744 

PUSH DE 


003C 

DOES 

745 

PUSH IX 


003E 

FDE5 

746 

PUSH lY 


C«T40 

FD210000 

747 

LD lY,0 

POINT lY AT CONTEXT 

0044 

Fri39 

748 

ADD lY,SP 


004A 

7F 

749 

LD A,<HL) 

LOAD OPCODE 

0047 


750 

INC HL 


0048 

] 1 7AT>2 

751 

LD DE,RETN 

DE = RETURN POINT 

0C-4B 


752 

RRA 

SUCK WANTED? 

004r 


753 

dR C,MINTO-$ 

dUMP IF YES 

Op4F 

F". 

754 INTPE: PUSH HL 

SAVE PC 

004 F 

ns 


PUSH DE 

SAVE DUMMY RETURN 

OO'^ICI 

;■ 1 r r:oo 

756 

LD HL, SYSDPT 


0O^.:3 


757 

RLCA 


T:'(3C'4 

";r 

75S 

LD E, A 


nofi'S 

1 lO 

759 

LD D, 0 


OTtnV 

17 

760 

RLA 

USER TABLE WANTED? 

ooplp. 


761 

dR NC, PUSHl -* 


OCISA 

Ti4F 


LD HL,(USERTB) 

YES - LOAD IT 

ooi=;ri 

1 7 

7/:.3 PUSHl. ADD HL, DE 


OT'OF 

Sf 

764 

LD E,(HL) 


OO^F 

7 T; 

765 

INC HL 


r>0/:-0 


766 

LD D, (HL) 


007. 1 

ns 

767 

PUSH DE 


007-? 

in/.. .OB 

763 

LD H,(lY+CBH) 


007.5 

r n. .n''A 

769 

LD L, <IY+CBL) 


O07-S 

F n- -„'.03 

770 RELD: LD D, <IY+CBIXH) 


<■^■>70; 

1 nsi',-, V 

771 

LD E,(lY+CEIXL) 
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2?3 


i'k'iAF 

(•)(■■ 7 i 
f'l"'? 4 
('11)77 
r'C'7r. 


rr'. 

rii'4 1 
( ri ’I i')'7 

I 1 1' 

r 


772 

77 ■; 

7/4 

/7':. 

7 z”? 
' ! 
r :( ) 


77:4 

7:3/. 

7:37 

7:33 

739 

790 

791 

792 

793 

794 


:i'i4 

.:'33 
:* '(-■ 
3(17 


PUSH DE 
POP IX 


Dt: 


LD 

LOAD: LD 
LD 
RET 

|■JlTNF: 
riUcLiCSE: 
INCUI: 
..TALK USE: 


A.(lY+CBA) 


D, < lY+C 


:BD) 


F,(lY+CBE) 

i CALL VIA RETURN 
MACRO INTERPRETER 

INITRPRETINO SliC'lIfNCES OF SYSTEM CALLS 
address OrSTR I NO .0 INTERPRET PASSED ON 
NO INCREASE IN DEPTH 


DPLAINATION IF OPTIONED (BIT 0 OF CALL I f 

BLOCK. THIS MASK IS FORMATED AS FOLLOWS; 

********************************* 

* 7 * 6 * 5 * 4 * :3 * 2 * 1 * 0 * 

(HHHHHt»«-«t**tt********************* 

(tH*LeA*IX*B*C*D*E« 

in)**#**************************** ^ . ^„.TKir- 

ARGUMENTS MUST FOLLOW THE CALL INDEX IN THE FOLLOWING 
(OMIT I NO UNUSECi AROUMENTSi OF COURSE) 

( INDEX ). IXL, IXH. E, D. C. Bi A. L. H 

THF simulated pc IS SAVED AND A DUMMY RETURN IS 
,k.ert 4S oS ™e 5t«k; the up. d.spptch.nu rout.ne__.s 

THEN ENTERED AT ''INTPE 
TO THE CALLED ROUTINE 
IT - . 

NOTE THAT THIS ROUTINE 


( l( < 




, PARAMETER MASK. 


:•: 1 9 

10 BE IN (UMARi 


1 1 

. POINT A4 BYTES 


::: 1 2 

, IE. LD HI 


u) 1 3 

, LD (1 

n ' 

:3 1 4 

MINTPC: POP DE 

I.' 

:31 

RENTER: 

r r ‘ 

:316 

POP HL 


WHICH EFFECTS A CONTROL TRANS 
THE CALLED ROUTINE RETURN 
wyLL"rOMl"BArK"HERE T^^NTERPRE? THE NEXT MACRO INS 
.-E^THAT THIS rUiNE is REENTRANT, THEREFORE THE CAL 

routine may recur E:ACK rillk"PROVIDED 

-Y-TEM 'rWTInIs’^'^IF r^loATIVE CALL INDEX 'iS ENCOUNTER 
by "the INTERPRETER, AND ^ J ^, ndeS ^ FOr'^ A 

USER MACRO TABL^^S ASSUMED 

.(IlMARGT+n, THIS POINTER SHOULD 
FORE THE FIRST REAL ENTRY. 
iSERMT-64 i WHERE USERMT POINTS AT 

; discard DUMMY RETURN FROM UP I 

; POP OFF PC 


•n 

T 

■V 

I 

■ ■ 4 


:| 


I II Dl 
I I:// 


I'll l:4F 
('.9 
4<;. 

r D0:3('iC) 


( M )■ ■ 

C'D'' 

I'ii'r;' 

00'9 A 
CiiTT / 

oct'9A ni 
<'11990 79 
(■ii97'r: ri>V.07 
OOVF r U'll OA 
00 AC' 113 A A 


; 1 : 
319 


13 7 A 
: ■ ! 


:): 31 


NAME; MCALL 
PURPOSE: 

INPUT: 
NOTES: 


4 MNCALL; 


7:37 lilNTl: 


340 
;341 
::i42 
;34 3 
;344 

;54A 


MINT! 


LD 

INC 

SRL 

LD 


LD 
JR 
EX 
LD 
LD 
Bl I 
JK 
. l-D 
ADD 
LD 


CALL INTERPRETER SUBROUTINE 
HL = ROUTINE ADDRESS 

ROUTINE MAY BE CALLED FROM MACHINE LANGUA 
ANOTHER INTERPRETED SEQUENCE 
STACK DEPTH INCREASED BY 4 BY CALL 
i GET OPCODE 


A, <HL) 

HL 

A 

DE, RENTER 


MINTO PUSH DE 


C, A 

NC,MINT2-* 
DE,HL 
B, 0 

HI■MRAROT 

A. A 

/, MINT 1-4 
HL, (UMAHGT) 
HL, EC 

B, (HL) 


CALL MSUCKl 


POP 

LD 

LD 

LD 

JR 


DE 

A, C 

B, (lY+CEB) 

C, ( lY+CBC) 
INTPE-* 


LOAD INTERPRETER DUMMY RETURN 
SAVE DUMMY RETURN 
INDEX TO C 

JUMP IF NO LOAD WANTED 

LOAD SYSTEM ARC TABLE. 

U'Jl; USER TABLE? 

JUMP' IP NO 

INDEX TAE'.LE 

CALL SUCK ROUTINE 

dummy RETURN TO DE, HL = PC 

get call index back 

RESTORE CLOBBERED REGISTER^ 


NAME: 


; JOIN NORMAL UPI DISPATCH SEQU 
SUCK INLINE ARGUMENTS 
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-i r i 
i i I 

00A.'. :■ 

00A7 r-'^. 

OOA': rr-:,',0 
OOAA 
C)OAi' IA 

oonri I 

OOAF (Ti770;-: 
OOP I 1 A 
OOBT' I 
OOBA rTi7/03 
OOP/. Plif /v 

oops n 

00B;O -'3 
<'iOBA 
OOPP -7 
OOPC: ?■! 

(:)OBri r r:Ao 

OOPr rp":;-; 
OOP 1 ■; 

0003 1A 
00C71 1 

ooro 77 ' 

OOC:/-. '! 

0007 ?or/-. 

OOC9 rp 
OOC:A CC 


I'lori; /r:i.f) 
Oi'n'n 7 "'02 
OOCf- i'-iC-O/-. 
I'loru vB/iO 
Oi'>n:?! 7":i‘»p 
oori', I .ii'ja 
oorr/ A'li'O 
oon-"' 

oonp: 7r 04 

OOpp 0 :"m‘>' 7 
OOPF FCOP 
0OF1 r.Fi-):-: 
O0F:3 PP<'>1 
Oi’iCO FT''A 
(■'('■r"' I: . ■ , 

Oi ■ I 1 .. . 

I'ii'it [: . , , ■ 

Oi'''Tl I’ 

I'm .f I I ■ , 

0<'.| 1 1 I • 

Oi'ir ■■ I. ■ 

oi'.r--; ■ ■ , ■ 
A| 'F r; . : 
Or.f 

Onf p , - 

or.rn ■■ ■ 
f.'.r i I 
01/A I .p 

O I 

o I,; II,,.., 
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347 

54S 

349 


560 

56.1 


;57S 

879 

880 
881 
882 
88.5 
884 
885i 
886 
887 
ooo 

. .■ -'l l 


894 


226 

TRANSFER OF INLINE ARCS INTO CONTEXT BLO 
B = ARG LOAD MASK (SEE INTERPRETER COMME 
HL = UPDATED PC 

THIS ROUTINE IMPLEMENTS A MACRO LOAD INS 

T 


55/ MSUCl 


PURPOSE: 

INPUT: 

OUTPUT; 

EXPLAINATION: 

IT IS USED BY THE INTERPRETER AS WELL. A ONE BIT IN 
f^EANS TRANSFER THE NEXT INLINE BYTE 
A /LRu BIT MEANS '"ADVANCE CONTEXT BLOCK POINTER'" 

TWO ENTRY POINTS ARE DEFINED, ONE FOR THE SUCK MACRO 
THE OTHER FOR THE INTERPRETER TO USE 
:5.UTt: MACRO ENTRY: 

i RETURN ADDRESS TO HL 
i POP OFF PC 

TRICK *** REPLACE WITH LD HL, REENTRY 
j ADVANCE TO REENTRY (MINTO) 


POP 
POP 
BYTE 
INC 
PUSH 

FALL INTO 


HL 
DE 

SAVING 

HL 

HL 



MSUCKl: BIT 

4, B 

64 

JR 

2,MSLIC;K2-* 


LD 

A,(DE) 

66 

INC 

DE 

67 

LD 

(lY+CBIXL), A 

68 

LD 

A,(DE) 

69 

INC 

DE 

70 

LD 

(lY+CBIXH), A 

71 

MSUCK2: PUSH 

lY ; 

72 

POP 

HL 

73 

INC 

HL i 

74 

INC 

HL 

75 

INC 

HL 

76 

INC 

HL 

77 

RES 

4, B ; 


IX LOAD WANTED? 
MSUCK2 IF NOT 


LET HL = lY 


+ 4 


MS 


THE 
5UCK3: 


FAMOUS 
SRL B 
JR 
LD 
INC 
LD 


SUCK IN LOOP 


KILL IX BIT 


MS 


.UCK5 
«* 


NC,MSUCK5-* 

A,IDE) 

DE 

<HL),A 
INC HL 

THIS CODE ASSUMES 
JR NZ,MSUCK3-i 
EX DE,HL 

^ ^ET- , I ni^|,| 

; *«■»»*« «.li****»*jt***#»**»-5;yy4>* 

, I.IP1 ROUriNP ADDRESS T ABLE » 

i ii* (I I *** Ii ****** ****«.*innnnn(.*** 

SY:-,DPT. OEFW MINTPC 
DEFW MXINTC 


MSUCK5 IF NOT THIS TIME 
GET INLINE BYTE 


i STUFF INTO CB 
; BUMP CB POINTER 
THAT STATUS OF -"SRL' 
JUMP BACK IF MORE 
HL = PC 
THEN QUIT 


IS 

TO 


PRESERVE 

DO 


895 

DEFW MRCALL 

:-i96 

DEFW MMCALL 

897 

DEFW MMRET 

893 

DEFW MMJUMP 

899 

DEFW MSUCK 

9<T0 

DEFW MACTIN 

901 

DEFW TIMEY 

902 

DEFW MUZSET 

903 

DEFW MUZSTP 

■904 

DEFW MSETUP 

905 

DEFW MCOLOR 

90/. 

DEFW MFILL 

907 

DEFW MPAINT 

9 (7 3 

DEFW MVWRIT 

9i iv 

DEFW MWRITR 

■:> 1 c!) 

DEFW MWRITP 

■:m 1 

DEFW MWRIT 

91 2 

DEFW MWRITA 

■9 1 8 

DEFW MVBLAN 

o) .J 

DEFW MBLANK 

9 1 8 

DEFW MSAVE 

9 t 6 

DEFW MREST 

■7 1 7 

DEFW MSCROL 

91.3 

DEFW DISPCH 

9i 9 

DEFW STRNEW 

920 

DEFW BCDISP 

921 

, DEFW MRELAB 

y / 7 

DEFW MRELAl 


i RELAB1 
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227 


Cp 1 ■ ■ / 

' . . ■•■, 

If 

DEFW 

MVECTC 


I'l 1 p". ■ 



DEFW 

MVECT 


f,t ■■ r; 

• 


DEFW 

NKCTAS 


Cp 1 .'•rp 



DEFW 

MENTRY 

j SENTRY 

o t •■•r 

■ 'H p .. . 

■7.^7 

DEFW 

MDOIT 

j DOIT 

Cp 1 1 1 



DEFW 

MDOITB 


fp 1 1 

1. -1 


DEFW 

NPIZBK 

; PIZBRK 

f, 1 1 

■ . -r 


DEFW 

MMENU 


P'l 1 1 

1 1 ^ 

1 

DEFW 

MGETP 


(■' 1 1 ■■■ 

■ : ■ 


DEFW 

NGETN 


I'p 1 i r 

III, 

■^9:> 

DEFW 

MPAUSE 

i PAUSE 

(-■ 1 1 r- 

r 1 •■ 

-:4 

DEFW 

NDISTI 

;DISPLAY TIME 

01 If 

t 

■'> 

DEFW 

MINCSC 

i INC SCORE 

I'p 1 ■ 1 


V 

DEFW 

INXNIB 

; INDEXN 

p-p 1 ■ 

■ 1. 


DEFW 

PUTNIB 

i STOREN 

fp 1: ‘ 

.■-■ ’ 


DEFW 

MINDW 

i INDEXW 

p*p 1. / 

1 . i : 

V 

DEFW 

MINDB 

i INDEXB 

("p 1 . ' 

■1 t. 

9.10 

DEFW 

MMOVE 

i MOVE 

p'p! r 

, . - 1 

94 L 

DEFW 

MSHFTU 


(■i 1 f p 

; 1 ■ ■ > 

94? 

DEFW 

ECDAD 


Ol .1 

r . : 

9.1.-: 

DEFW 

BCDSB 


OI 1 

pr ■. ' 

944 

DEf W 

BCDML 


01 3 3 


949 

DEFW 

BCDDV 


013"; 

/.-HV': 

>4 6 

DEf-W 

BCDCS 


O 1 / 

■1 1 

'4 7 

[PEI W 

1 Ul iNG 


0 13;-< 

/.I o : 

■ '4: : 

DEI-W 

SDADD 


01 .31: 


-49 

DE1W 

SDSMG 


01 3D 

1 »/:■< 

950 

DEFW 

SDABS 


01 :?.;F 

4C03 

951 

DEFW 

SNEGT 


0141 

7F0;3 

95? 

DEFW 

MRANGE 


0143 

4 IOC 

953 

DEFW 

MQUIT 


0145 


954 

DEFW 

MSETB 


0147 

73<'PP') 

955 

DEFW 

NSETW 


01 49 

4002 

956 

DEFW 

NMTD 



014F 
ni/ir 'I' 

f) 1 . 11 'l r .'p 

OMF I P-. 
OMF ' I' 

0 1 Fii'p I'' ' 

ni'il Ip:-: 
OlfiF 

p-’T 

01F-4 F 
nif.F ■■■> ■ 
ril'=;/■. .-r, 
0157 i O 
015;': r 

r 

0150 IIP ' 
0150 r : 
015f f ■ 
015M ! ( 
015F ' I 
<:• 1 5F I 
CO.'.pp ' ' 
O 1 1 p I 


olO'; i'f 
01/-.-1 : / 
01 ■'■5p ' ' 


'?5S 

959 

9p^.C‘ 

9*1 

96-2 

964 

■'65 

966 

967 
■768 
969 
•p'70 
■77 1 
v72 
■773 
7/4 

>76 
■'77 
■■ 79 
■--'79 
790 
■v9i 


■>9^ 

996 


.;■ / 1 


^ y4 


; MACRO ROUTINES ARGUMENT MASK TABLE 
, FORMAT: 

; •tnnn(-'tni'#***'*******#*******'l1’*^**^**^** 

; *7tt6«-5*4*3*2*l«0* 

; ***■**•»****»**■»■»*♦*****■»*■*#■»■* 
p frH*L«A«IX4B*C*D*E# 

; *-»**<(■*****•■»«■**■«•**«•*****■••**■*■<*'*■*■*•■*•■* 

, ARGUMENTS MUST FOLLOW THE CALL INDEX IN THE FOLLOWING 
, (OMITING UNUSED ARGUMENTS, OF COURSE) 

, i INDEX ), I XL, IXH, E, D, C, B, A, L, H 
MRARGT: DEFB 0 » INTPC 

DEFB 0 i XINTC 

DEFB 11OOOOOOB i RCALL 

DEFB 11OOOOOOB i MCALL 

DEFB 0 i MRET 

DEFB 11OOOOOOB ; MJUMP 

DEFB OOOOIOOOB i SUCK 

DEFB 0 i ACTINT 

DEFE: OOOOOIOOB ; DECCTS 

DEFB llllOOOOB i BMUSIC 

DEFB 0 < EMUSIC 

DEFB OOlOlOlOB i SETOUT 

DEFB 11OOOOOOB i COLSET 

DEFB OO1O1111B ; FILL 

DEFB OOlOllllE i RECTAN 

DEFB IIOIOOOOB ; VWRITR 

DEFB 1110001 IE ; WRITR 

DfiFB IIIOOOIIB i WRITP 

DEFB 1110111 IB i WRIT 

DEFB 1110111 IE i WRITA 

DEFB 0001001 IE i VELANK 

DEFB 1100101 IB i BLANK 

DEFB 1100111 IB i SAVE 

DEFB 1100001 IB i RESTORE 

DEFB 1100111 IE ; SCROLL 

DEFB OOlOOlllE i NEW DISCHR 

DEFB IIOOOIIIB i NEW DISSTR 
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230 


229 


OlAA 

1 ! 


DEFE; 

noon HE 

DISNUM 

Ol f.7 


i'*0 

DEFB 

OOIOOOOOB 

RELABS 



9v7 

DEFE: 

OOIOOOOOB 

RELAEl 

<11 / ■ 

n-i 

993 

ElEFE 

1lOlOlOOB 

VECTC 

111 - 

ri. ■ 

.).) 

DEFE: 

1lOlOOOOB 

OECT 

M 1 ( 

♦ .1. 

1 > II lO 

run: 

o 

KCTASC 

1 . 1 1 

• 1 ■ 

li'Ol 

UEF E: 

OOOClOU 1 1 B 

SENTRY 

(‘)1 / .n 

1 i’) 

l>'Oi 

DEFB 

11OOOOOOB 

DOIT 

Ol.'-F 

»* 0 

1003 

DEFB 

11OOOOOOB 

DOITB 

ri 1 tF 

ch'\ 

1004 

DEFB 

0 

PIZERK 

1' 1 70 

1 

1 CiOOi 

DEFB 

1100001 IB 

MENU 

0171 

rr: 

1 000. 

DEFB 

lllOllOOB 

GET PARAMETER 

I’) 17 

If 

1 <;i07 

DEFB 

1 loom IB 

GET NUMBER 

017-: 

* •: : 

1 Qor-i 

DEFB 

OOOOIOOOB 

PAUSE 

017/1 

07 

11109 

DEFB 

0000011 IB 

DISTIM 

01 7*'. 

rfi 

1010 

DEFB 

11OOOOOOB 

INCSCR 

0170 

r 

1011 

DEFB 

1lOOOOOOB 

INDEXN 

0177 

r 

1012 

DEFB 

1lOOOOOOB 

STOREN 

017S 

r I' 

1013 

DEFB 

1lOOOOOOB 

INDEXU 

0179 

r * 1 

1014 

DEFB 

1lOOOOOOB 

INDEXB 

01 70 

I ! 

lOl";. 

DEFB 

1 loom IB 

MOVE 

o 1 ■’F 

. ■ 

J Cl 10. 

DEFB 

1lOOlOOOE 

SHIFTU 

1 . 1 -T 

1 1 

1.07 

DEFB 

1100101IB 

ECDADD 

"1 ;’Ti 


i 'il8 

DEFB 

IIOOIOIIB 

BCDSUB 

o 1 .'r 


I'll V 

DEFB 

1100101 IB 

ECDMUL 

I'o -’r 

. - 

1020 

DEFB 

IIOOIOIIB 

ECDDIV 

0 1 


io.-:i 

DEFB 

1lOOlOOOB 

BCDCHS 

<•. 1 9 1 

< -I 

1 Cl •■'2 

DEFB 

OOOOIOIIB 

BCDNEG 

r. 1 9 ■ 

i ' 

IC'23 

DEFE 

IIOOIOIIB 

DADD 

T' 1 9 


ii:'2.'i 

DEFB 

0000101 IB 

DSMG 

O 1 9/1 

. .1 

tu2!9 

DEFE 

0000101 IB 

DABS 

0 1 

■■ 

10?.::. 

DEFE 

1lOOlOOOB 

NEGT 

0190 


1027 

DEFB 

OOIOOOOOB 

RANGED 

0 197 


I.:./© 

DEFB 

OOOOOOOOB 

QUIT 

0199 

r ■ ■ 

10?'© 

DEFB 

moooooB 

SET BYTE 

o 1 99 

1 

:l Ci 'rlO 

DEFB 

1100001 IB 

SET WORD 

(■) 190 

( 

1031 

DEFB 

IIOOOIIIB 

MASK TO DELTAS 




11.):53 

i INTERUPT ROUTINE FOR EVERYBODY 



1034 

; WHO DOESN'T WANT TO WRITE THEIR OWN 



102:5 

i DOES 4 60TH SEC COUNTERS IN CTO-3 


I . 

1036 

MACTIN: DI 

i MAKE DAMN SURE WE IS OFF 

r»i9.r: 

r' 

1 037 

PUSH 

AF 

Cl 1 ftFi 

r '. 

1 C> 

PUSH 

BC 

C'lSF 

r.i, 

10 39 

PUSH 

DE 

C;. 1 9F 

1 • 

lii40 

PUSH 

HL 

01 9C) 

t ' '• .(■ 

1041 

IM 

2 

01 92 

' :'i ' n'. 


LD 

A. I TAB, SHR. 8 

n 1 94 

Ill'/ 

IC.43 

LD 

I, A 

01 9/-. 

'' 1 

1. -14 

LD 

A, 200 

O 1 99 

I, :..r 

1 C<45 

OUT 

<INLIN),A 

01 9A 

•' 9-1 

1046 

LD 

A, ITAB&OFFH 

01 9f: 

n 1 ’0 

101)7 

OUT 

(INFBK),A 

019E 

c 1 ir.ooA 

104© 

CALL 

TIMEZ i UPDATE TIMpUT. MUSIC AND SECON 

CilAl 

CiF mF 

1049 

LD 

C.OFH i USE CTO-3 

0»A3 

c ii /ro4 

1OSO 

CALL 

TIMEY i DEC CTO-3 


f 1 

1 OS 1 

POP 

HL 

C> 1A7 

ru 

111'-.? 

POP- 

DE 

Ml 09 

1 1 

1c.-.9 

POP 

BC 

CUA'i 

1 1 

11 .• .4 

PUP 

AF 

C( 100 

IF; 

1 C)9'-. 

El 


OJAB 

C9 

1056 

RET 




105:3 

ROUTINE; SENTRY 



1 C'>59 

FORPOSE: TO WAIT FOR CHANGE OF PROGRAM STATUS 



1060 

IN EITHER THE PORTS OR THE TIMER-COUNTERS. 



1061 

IN ADDITION IT CHECKS TIMOUT FOR LONG PERIODS OF IN- 



1062 

ACTIVITY. 




1063 

** IS VECTOR OUT FLAG SET?? 









2^1 




232 

01 fiC 

RAFA4F 


MENTRY: 

LD 

A, (SENFLG) 


n 1AF 

FFAr. 

1 0.7.0 


CP 

OAAH 


01F1 

F r, 1 ■' 70 

1 o.'-.t- 


JP 

Z,2019H i 

YES - JUMP OUT 

'■■1 P't 

:,M ( ■IF 

1 .:>o7 


LD 

A,ITIMOUT) i 

CHECK IF TIME TO BLAKOUT 

I', i P. 7 

r: • 

1 .‘F.y 


OR 

A 


I'j 1 Rf: 

- 

i ‘‘•'■•.'-■y 


■JR 

NZ,TTEST-* 


r> 1 r:A 

FI 

i 

MFIZEK: 

XOR 

A 7 

TIME TO SHUT DOWN 

1)1 Rf: 

i' 

1 .77 1 


DI 



01 Ri- 

ro; t' ■ 

ln77 


ClUT 

(VOLOiA i 

TURN OFF SOUNDS 

)■) 1 RF 

! I ; 1 ■ , 

1 . ■ / 


OUT 

(VOLAB),A 


o j r «'• 

1 .'.R' 'O 

1 .7-.’.5 


LD 

EC, C0LBX+3*256 


<-• 1 r 

f n ■ 

1 o/''. 


OUT 

(C), A i 

PAINT IT BLACK 

oirs 

i .71 t' 

1 07 A 


D.JNZ 

“2 


03 r7 

t 1 1 'lov 

1 077 

FBL.P; 

LD 

DE,AKEYS 


oi rr- 

r i ir 4- ff; 

1 


CALL 

FINDL3 i 

CALL STORE DE INTO CONTEXT RO 

01 CD 

nr '-.OI 

1 ’ 


CALL 

TTEST i 

WAIT FOR SOMETHING TO HAPPEN 

<’:■ 3 rii'^ 

■t 

1 y 


INC 

A 


1 n 1 

; ,-,r 

1.70 1 


JR 

NZ,MPIZBK-* 


I'i 1 n' 

f I; j'»vOi;' 

1 0:./ 


LD 

< IY-^CBA), 0 


o 1 n7 

; T. 

1 up-:: 


El 



(-' 1 n;- 

•OFO-IF 

1004 


LD 

HL,(COLLST) ; 

GET SAVED COLORS 

OI RF; 

-■ -I .-.IF 

107 : 1 . 

t'iilOLOR 

LD 

(COLLST),HL i 

SAVE COLORS FOR FUTURE 

F) 1 . nr 

i. FOR 

117,77. 


LD 

EC, :3O0H+C0LBX 


0) F1 

FOR 7 

1 0x7 


oriR 

i 

RESET THE COLORS 

OtFR 

nr 

J 


XOR 

A 


OtF^I 

r' ■ 

1.779 


RET 



OlFF 

I Tif I'i;/:*: 

ln'-4> 

ITE:5T 

CALL 

TRCHK 


O 1 FF; 

F I'l ■■ OT-- 

i..--' I 


LD 

( IY+CE;A), A 


01FF: 

r 

1 O'-:. 


LD 

( IY+CEB>,B 


o 1 FF 

1 1 ■ i ■: 

1.-93 


CP 

OKYD 


OlFO 

11 ■ 

1 .7-.-4 


RET 

c 


01F1 

r r i i- 

1 


CP 

POTO 


F) 1 F.; 

1 ... 

J..','):. 


RET 

NC 


01 FI 

,r r r 

1 .7 :. ./ 


LD 

A,OFFH 


OlFO 

■:' F' 'IF 

1 . 7 : 


LD 

(TIMOUT),A 


01F9 

r ■ 

1 (>''9 


RET 



on 0 

( tn[( 

11 .. 1 

1 i'll 1 1 

DPI W 

: . 1 . Dl 


mil 

1 il !• 'P 

1 On 


III 1 PJ 

PNiJiLC 


OIFF 

.■'■In 

1 1 1 . 


Mi l W 

CAl.CST I 

START OF CALCULATOR 




1 11 .-S 

, SYS 

lEM ROUTINES JUMP VECTOR 



1 1 06 


ORG 200H 


r :(''it704 

i 107 


JP TIMEZ 1 DO TIMER ?< MUSIC 


r ':Vr-:04 

1 1 OS 


•JP TIMEX ; DECT MR 

020A 

20 

1110 

SYSFNT: 

DEFB 20H 

02 0-7 

r*:-: 

1 1 1 1 


DEFE S 

020?: 

07: 

111: 


DEFB 3 

0 2 rv“^ 

1 ■ i 

1 1 1 


DEFB 1 

<■' ' ‘ 'O 

■ 

1114- 


DEFB 7 

C< r,r--. 

r ■ -7 

IIP. 


DEFW LRGCHR 

O'nTi 

1 

Ml 

9Ml PNT 

DEFB OAOH 

o'.'-r 

1. ’ 

IMP 


DEFB 4 

O'or 

. 

1 1 1 'I' 


DEFB 6 

0 ? 1 o 

r'l r 

1 1 -7., 


DEFB 1 

0 7 ! 1 


1 11 


DEFB 5 

0‘-1 ■ 

r; ■ 

i 1 : 


DEFW SMLCHR 



i ! 4 

. AL-LKEYS MASK 

^ 4 

■ r 

1 1 . 

Hi EYJ 

DEFB 3FH 

(■) - I 


1 1 ■. 


DEFB 3FH 

0 7 ! / . 

- 1 

IP, 


DEFE 3FH 

1 T 


- i : - 


DEFB 3FH 



1 i n 

. HEAD 

OF ONBOARD MENU 

0 ' ! ■: 

M X 

117 1 

OUNl.NP 

DEFW CML 

! A 

I . . 1 : 

1 1 7;' 


DEFW PNGF 

r. ■ 1 r 

I r ; ’ 

1 1 '. 7 


DEFW OFSTRT 

«■■■ 7' 1 r 

■If - 1 ! '~.x7i' 

1 1 :4 


OEFM MAX SCORE-' 

ri p 7' 7 

.-.1 

1 1 


DEFB 0 

0 7 ,■ -.7 


1 1 


DEFM ■« OF PLAYERS" 
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234 


233 


-'.I 

' I 1 


OEFE: 

0 




i 1 


DEFM 


OF GAMES' 


■ ‘t" 

1 i 


DEFB 

0 




114 1 

. WAMF. 



CONVERT MASK TO DELTAS 



1 1 1 

. I Ni l IT 



B - JOYSTICK MASK 



J 11: 

i 



C - FLOP STATUS (MR FLOP 

BIT SET 


1144 

i 



DE == X POSIIIVE DELTA 



114'.. 

i 



HL = Y POSITIVE DELTA 


0:24ti 

i::ri7'.A02 1146 

MMTD: 

CALL 

CONCPL j HANDLE Y 


074 

FF: 114/ 


EX 

BE, HL 


0244 

FR71 114.7 


BIT 

MRFLOP,C i FLOP SET? 


024/:. 

7:707 1149 


JR 

Z, 

NMTD2-$ i YES - DOIT 


074.7 

7' 1 1 '70 


LD 

A, 

E i NO - GET MASK 


0749 

r/.07 1151 


AND 

3 



024 R 

2:701 1132 


JR 

Z. 

MMTDl-$ 


07'4D 

2F 1153 


CF'L 


i INVERT IF NOT 

ZERO 

024F 

47 1134 

MMTDl: 

LD 

B, 

A 


024F 

005602 1155 

MHTD2: 

CALL 

CONCPL ; PROCESS X 


02717 

FR 1156 


EX 

DE 

, HL 


02 ■".7 

1 7P:70R 1157 


JP 

3THLDE i STORE HL,DE AND QUIT 




J 159 

, SUBROUTINE 

Tu CONDITIONALLY COMPLEMENT OR ZERO 

0?S.' 

iT:-'-:-: 

1 I'-.C' 

CONCPL: RRC 

B 



■I'-.r.A 

1 LiJ 

JR 

NC,C0NC1-* 

; JUMP IF NOT UP 


7ri 

1 1.72 

LD 

A, L 


025r: 


I 163 

CPL 



07*%r 


1 LSI 

LD 

L,‘a 


o?'=;ri 

7 r 

1 165 

LD 

A, H 



r 

1 166 

CPL 





1 167 

LD 

H. A 




1 168 

INC 

HL 


0?A 1 


1 169 

RRC 

B 


0?6 '■ 

»' 

) 170 

RET 



076 ^ 

fArO;’: 

1171 

CONCI: RRC 

B 

; DOWN SET? 

02A/'-. 

ri:': 

1172 

RET 

C 

; QUIT IF SO 

02A7 

'' '-‘noo 

1 i 73 

JP 

C0NC2 

i JUMP TO ZERO OUT 




1 175 

, NAME: 


SCROLL MEMORY BLOCK 



1 176 

i INRUT: 


B = NUMBER OF LINES TO SCROLL 



1 i 77 

i 


C = NUMBER OF C-iyTES ON LINE TO SCROLL 



1 1 78 

i 


DE = LINE INCREMENT 



11 79 

; 


HL = FIRST LINE TO SCROLL 

026A 

OF 

1 1SF) 

MSCROL: XOR 

A 


02 /-.r: 

rs 

1 1:51 

MSCRL1: PUSH 

BC 

i SAVE COUNTERS 

02/-.C 

05 

1 182 

PUSH 

DE 


0260 

1-^ 

11 ;53 

LD 

B, 


026F 

FR 

1 184 

EX 

DE. 

HL 

0261 

1 ■■■ 

! 1 ■ 

ADO 

HL, 

DE i ADD INCREMENT TO LINE 

027r. 

C 

1 186 

PUSH 

HL 


0271 

r DFio 

1 187 

LDIR 


i ZZZZAP! 

027 ■■ 

11 

1 188 

POP 

HL 


027 1 

:. 1 

1 1:39 

POP 

DE 


027'-. 

' 1 

1 190 

POP 

BC 


027.. 

1 .,| : 

1191 

DJNZ 

MSCRLl-$ 

027:7 

1 ' ‘ 

1 192 

_RET 





1 i '4 

, NAME: 


MACRO INTERPRLtER EXIT WITH CONTEXT 



1 195 

i PURPOSE: 


QUIT INTERPRETING AND GO HOME 

027? 

El 

1196 

MX INTO: POP 

HL 

i THROW OUT DUMMY RETURN 



1197 

i NAME: 


RETURN FROM SYSTEM CALL 



1198 

i PURPOSE; 


RETURNING TO USER AND RESTORATION OF 

027A 

El 

1199 

RETN: POP 

HL 

i RETURN ADDRESS TO HL 

I'l ? / l7 

FUEl 

1200 

POP 

lY 


0270 

HUE 1 

1201 

POP 

IX 


027F 

01 

1202 

POP 

DE 


02:50 

Cl 

1203 

POP 

BC 


0231 

El 

1204 

POP 

AF 


02S2 

E3 

1205 

EX 

(SP),HL i STK=RETURN, HL=OLD HL 

02:53 

C:? 

1206 

RET 






1208 

1 .'09 

i NAME: 

BCD DIVIDE 



<42:54 n.f 
0787 F:5 

<■*02 

I?i0 

1211 

DCDDV: 

CALL GNACC i 

EX <SP),Hl. i 

GENERATE 
HL = ACC, 

ACCUMULATOR 
TOP = ARG2 
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02:38 

CS 

1212 

PU:5H 

BC 

0239 

(>600 

1213 

LD 

15, 0 

023B 

79 

1214 

LD 

A, C 

U2:iC: 

C:B39 

1215 

SRL 

C 

028E 

09 

1216 

ADD 

HL, BC 

028F 

4F 

1217 

LD 

C, A 

0290 

EB 

1218 

EX 

DE, HL 

0291 

EDBO 

1219 

LDIR 


0293 

Cl 

1220 

POP 

r3C 

0294 

D1 

1221 

POP 

DE 

0295 

2B 

1222 

DEC 

HL 

0296 

F3 

122 3 

EX 

(SP),HL 



1224 

PUSH 

E:C 


C'.. |:l 

■>: r::: 

0. . 

(■>?; . . . I: 

1-1/I ;• ■ 

r,..!.:; I ; 

1)11 

02F;m 
02E:C FI 
OlCin C l 
O20F IfVS 

07C0 liDFl 
0202 AF 
02C3 IF 
02C4 
02C6 EE: 
02C7 
02C2 FE: 
02r;A '-7 
02rF: i-F 
02Cr :'S 

1 02cri 

■ 02rr I'.'f'i 


HL = ARGl. DE = ACC 
HL )= AROl FLAG+1 


** FIX ** 
HL = ARG2, 


TOP = ARGl FLAG 


B, O 
HL, EC 
EC 
C 


1229 


EX 

DE, HL 

1230 


DEC 

DE 

1231 

DIVl : 

DEC 

DE 

1232 


XOR 

A 

1233 


SYSTEM NEGT 

1234 

DIV2: 

SYSTEM DADD 

1235 


JR 

C,D1V3-* 

1236 


INC 

A 

1237 


DAA 


1233 


..JR 

NZ,DIV2-* 

1 


POP 

HL 

1 240 


LD 

(HL),OFFH 

1241 


POP 

EC 

1242 


JR 

MULT6-* 

124:3 

DIV3: 

SYSTEM NEGT 

1244 


SYSTEM DADD 

1245 


EX 

(SP), HL 

1246 


DEC 

HL 

1 24/ 


LD 

(HL.), A 

1 2'l:-: 


EX 

(SP), HL 

lz49 


DEC 

c: 

1 2'50 


JR 

NZ. DIV1-* 

1251 


POP 

HL 

1252 


POP 

EC 

1 2^*’: 


JR 

DIV4-* 

1254 

i :;.UBROUT INE 

TO GENERATE 

1255 

GNACC: 

POP 

IX 

- 1256 


XOR 

A 


HL = ACC+SIZE/2 

** FIX *•* DECREMENT SIZE 
HL = ARG2, DE = ACC, TOP = AR 

** FIX ** 


ARG2 = -ARG2 (lOS COMP) 
SUBTRACT UNTIL BORROW 

OR UNTIL LOOP COUNT > 99 


HL = ARGl 

SAVE ANSWER IN ARGl 


l i... .uE 

ii/.FOA 


1257 

125:3 

1259 

1260 
1261 
1262 
1 263 

1264 ’ 

1265 

1266 
1267 
126S 
1 269 
1270 
1 2 / ] 

1 ? 2 

1273 

1274 
1 275 

1276 

1277 
1 2 70 
1279 
1 280 
12:31 

1 2:33 
I . 1:34 
J 2:35 


LD C, A 

SYSTEM DABS 
EX DE,HL 
SYSTEM DABS 
EX DE, HL 
LD H, A 

LD L, A 

LD A, B 

PUSH HL 
DJNZ MULTI-* 
LD B, A 

ADD HL, SP 


iARGl=ABS VALUE 

;ARG2=AB3 VALUE 
; FLAG=1 IF NEG ANS, ELSE POS 


i GENERATE ACC ON STACK 
; RESTORE SIZE 


I.D B, A jRESTUl^E 

ADD HL, SP 

PUSH BC i SAVE SIGN 

i-iL j SAVE STACK POINTER 

PU=H HL i SAVE ACC POINTER 

Ld" H, (IY+CBH) iRESTORE ARG2 POINTER 

LD L,(lY+CBL) 

ld c, b 

JP (IX) 

i DECIMAL MULTIPLY 

; GIVEN: DE;>ARG1. HL>ARG2, B=SIZE/? 

; <SIZE/2-1 ASSUMEP EVEN) 

i RETURNED: AR01=ANSWER, OO ON OVERFLOW 


I:::; DML: CALL GNACC 
MULT2 LD A,(HL) 

INC HL 
EX (SP).HL 
AND A 


i GENERATE ACCUM 
iA=MULT LOOP COUNT 

;HL>DEC ACC 

. IF A=o, SKIP MULT LOOP 
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07C*. ;:.0v 

1.337 


JR 

Z.MULT4- 

n.-F" n. 

11!3S 


EX 

DE. HL 

03F;-: 

123y 

MULT3: 

SYSTEM DADO 

0?Fi'i ' 

1 7V0 


AND 

A 

0 7FP *11 

1 291 


DEC 

A 

OT'Fl 

1292 


DAA 


OFFTi ; • 3 v 

L29:3 


JR 

NZ, MULT3- 

nT'FF r I; 

1 .;94 


EX 

DE. HL 

02FI3 ' ■: 

1 295 

MULT4: 

INC 

HL 

0:4-' 1 1 . : 

i 2'.'6 


EX 

(SP). HL 

0?F3 

129/ 


DEC 

C 

02F 3 /( .r ' . 

1 29a 


JR 

NZ,MULT2- 

o2r ". ( j 

1 299 


POP 

HL 

or-r -'. F t 

1 300 


POP- 

HL 

02F7 I- 1 

1 301 


POP 

Be 

02F:* O'. 

1 302 


PUSH 

ee 

.' - 1 1 ' . 

1 lo:,';: 


PUSH 

Be 

■ • 1 , , 1 

1 :.i4 


L1.I 

C, B 

I’ll ...... 

1 


i.r.i 

13, 0 

<. - 1 h i 1. , • 

t 


SRL 

C 

O.'FF 

1 3<:>7 


ADD 

HL. BC 

0.300 r.l321 . 

1 SOS 

• 

SLA 

C 

0:30 ■ r FI, 

1.309 


LDIR 


0.301 r 1 

ISIO 


POP 

BC 

i‘) 3i r; , 

1:311 


PUSH 

BC 

t'l 3..1 C: ::: 

1312 


SRL 

B 

O 31.: ■ F.l 

1313 


XOR 

A 

O':... IV. 

1314 

MULT5: 

OR 

(HL) 

0;3: 

1315 


INC 

HL 

030f: lOFC 

1316 


DJNZ 

MULT5-* 

030ri ,17 

1:317 


AND 

A 

03OF .■.303 

ISIS 


JR 

Z,MULT7-* 

0:-:|.-. ii, 

1319 


LD 

A,OFFH 

0.-; 1 ! 

13,20 


LD 

(DE).A 

0:| ■ . ; 

1 -;2l 

MULT7: 

POP 

EC 

('. 3 . 

i 322 


POP- 

HL 

.■>3 1" ■ 3 , i. 

1 .(23 

DIV4: 

BIT 

0. C 

0 3 i 

1 324 


JR 

Z.MULT6-* 

j 

1 325 


SYSTEM BCDCHS 

0 3 i i ! . 

J <!t. 

MULT6: 

POP 

HL 

1 . ■! ! 1 

1 327 


DJNZ 

MULT6-* 

.'.3 1 ! 

1 .'l/S 


RET 



1.329 


iBGD 

SUBTRACT ( 


1 ..-iSO 


J 



0*1 

C> 


i ELSE MULTIPLY 
; CLEAR THE CARRY BIT 
iDECIMAL DECREMENT 


iINCREMENT DECIMAL ACC 
iHL>ARG2 


RESTORE STACK POINTER 
i RESTORE SIGN 


iCHECK FOR OVERFLOW 


i SET FLAGS 

i CHECK SIGN ANP 
; NEGATE ARGJ IF NECESSARY 

(RESTORE ORIGINAL STACK POINTER 


1 i3l 
i 332 
I 333 
1 334 
i 33S 

1336 

1337 
1 33S 

1340 
1 341 
1347; 

1343 

1344 
1 345 
1346 
1 347 
1:34S 


GIVEN: DE>ARG1, HL>ARG2 

B=SIZE/2+l 

RETURNED: ARG1=ANSWER 
bCqSE: SYSTEM BCDCHS 

ECDAD: system BCONEG 

EX DE,HL 
SYSTEM BCDNEG 
EX DE. HL 
SYSTEM DADD 
i AND FALL INTO 


DECIMAL SIGNED MAGNITUDE 

GIVEN: DE>ARG (lO'S COMPLEMENT) 

6=SIZE/2+l 

RETURNED; ARG <SIGNED MAGNITUDE) 


it ; 

1349 SDSMG: 

LD 

L, B 

, . i 1 

1350 

DEC 

L 


1.351 

LD 

H, 0 


1 -352 

ADD 

HL. DE 


1 35.3 

LD 

A. (HL) 

1 1 .1 

1 .-;54 

CP 

50H 

0 : 1 i •. 

1 355 

RET 

C 

(■)■ ; 1 : 

1 356 

EX 

DE, HL 

0;.':' : Mm 

■ 1 557 SD-SMG): 

LD 

A, 0 

O";':'* '1 

■ • 

1 •.'••-‘O 

SBC 

A,(HL) 

,■ / 

1359 

DAA 



iHL>ARG+B-I (SIGN BYTE) 

iIF POS (SIGN NIEBLE<5) 
I EXIT 

iELSE ID'S COMPLEMENT 
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^9 




1 - 


_D 

(HL),A 

t' : 


13. . l 


INC 

HL 

, , , : . 


1 

LiJNZ 

oDSMGl.-* 

( ■ ■; 

.1: 

1 ,30..;; 

DtC 

HL iAND SET SIGN BIT 

O”; ■ f: 


13.3.4 

LD 

A,(HL) 

0:53ri 

('Ayij 

13-35 

p;iR 

SOH 

03-;F 

7 7 

13.36 

LD 

(HL),A 


r.9 

1367 

RET 




1 36S 
l..;6v 
I';; 70 
1.3/1 


BCD 

NEGATE 



1.3/2 


GIVEN: DE:>ARG (SIGNED MAGNITUDE) 



1373 



B=SIZE/2^-l 



1374 


RETURNED: ARG (lO'S COMPLEMENT) 



1375 




0 3.1 1 


1376 

fiCDNO: LD 

L, B ;HL>ARG+E-1 (SIGN BYTE) 

03 1-' 

,') 1 

1 37/ 

DEC 

L 

0 3 1 3 

:. ■■ 

1 3/;3 

LD 

H, 0 

O ": T" 

t 

] ::yv 

ADD 

HL, DE 

(■,•3 I,--. 

1 ! i 

1,-.;. 

BIT 

7,(HL) iEXIT IF POS 

r. 3 1:3 

1 ■ 

1 ,.31 

RET 

Z 

! '■ 

: : 

1. ;:3.3 

LD 

(HL),0 i CLEAR SIGN BYTE 

OMI-: 

rv 

1 

EX 

DE, HL 

03-1 r 

(' r- 

J 34 

SNEGT: XOR 

A ; CLEAR CARRY 

(■)1 n 

3r3r) 

1 3:35 

BiIDNGl; LD 

A, 0 i ELSE lO-'S COMPLEMENT 

0 ■: t-F 

■VI 

1.3;:3c. 

SBC: 

A,(HL) 

0-"! 

- p 

13^':7 

DAA 


0'3S t 

*7 : 

1 

LD 

(HL),A 

0 * F-*t' 

■' 

1 .JoV 

INC 

HL 


1 33 

1 3?I3 

D.JNZ 

BCDNG1-* 

03'-’-. 

I’ ■'.'• 

1391 

1392 


3ET 




1 373 
13.34 


DECIMAL ABSOLUTE 



1395 






1396 


GIVEN: DE>ARG (SIGNED MAGNITUDE) 



1 397 



B=SIZE/2+l 



139S 


RETURNED: C=C+1 IF SIGN BIT CLEARED 



1 399 




0:‘rwS 


1400 

SDABS; LD 

L, B 

|-'337 


1401 

LD 

H, 0 



1 4i:)2 

DEC 

L 

O' 3'>fl 

) 

1 40 3 

ADD 

HL, DE 


r!: ;f 

1404 

BIT 

7,(HL) 


C- ■ 

1 405 

RET 

Z 

<■' 3’;i- 

.r'> 

1 4..3.6 

LD 

(HL),0 

C> :/.0 

FO . 106 

1 40/ 

INC 

(lY+CBC) 

C) 

r 

14.,.;; 

1 4. ..-I.- 
1 4 1. . 

RET 





BCD 

CHANI3E SIGN 

1411 

14 12, 



141.3 


GIVEN; HL>ARG B=SIZE/2+l 



1414 



(SIGNED MAGNITUDE) 



1415 


RETURNED: ARG SIGN BIT COMPLEMENTED 



1416 




03.'..1 

■1:': 

14 17 

Bi.DCS; LD 

U/ E 

o :/.•, 

< ). .< M » 

14 13 


D 

B, 0 

«■) ;/./ 

< •!' 

J 4 1 O 

DEC 

c 


O'? 

14,i0 

ADD 

HL- BC 


7E 

1421 

LD 

A,(HL) 

0:36A 

Frso 

1422 

XOR 

SOH 



142.3 

; NAME: 


SET BYTE 

036C 

77 

1424 

MSETE: LD 

(HL), A 

03i/-.ri 

r ■? 

1425 

RET 




1426 

1427 






1428 


DECIMAL ADD 



1429 






1430 


GIVEN; DE;>ARG1 HL>ARG2 ( lO'S COMPLEMENT) 



1431 



B=SIZE/2+l 



1432 


RETURNED: ARG1=ANSWER (ID'S COMPLIMENT) 



1433 




0:3.3r 

Of 

1 434 

■5DADD: XOR 

A 
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244 



243 

1 508 

LD 

C.BYTEPL 

15*0? 

ADD 

HL, BC 

! 1 

1510 

POP 

BC 

1 -f '1 

1511 

D.JNZ 

MSAVE1-* 


1512 

RET 



03cr ■ I 
0-:ni Ill'll 
i)3ix'; "i” 
03r,i4 I "'ll 
1'3D6 l i 
03DS ' 


ic';fr' 

I'JOtOS 
o^nri 79 

Ci'lHF or 
03riF -ir 
O3K0 A"; 

03F1 :o.v; 

: : O : 

o3r • 

rv^F /, .'i: 

0 31 ■ 

. . ■ 

O-ir--' 

0 3r.'. ■ ' 

0:31 1 ■ . 

0:";I 1 ' ' 

0:3ri ! lO-lF 

0 31- ! I■ "0 

0 3r'3 1 I ri'''''''3 

0 3r . 1 ; 

0.31": 

O'-r-- 1 3 

O'-il I 'i i' 'I'l 

OMI 

O-IOi'' I 1.' 
O.’li'j.' .1 

n.1i . . 

04,-..1 

O-T 3 " : 

. 

i')4i'0 1 

o-l"!. 

0.1,-.11 I ■ 

, •■ll ■\ 

O-ll •! ■ 

,-„l I . . • . 

04 II : ■ -I 1 


,•,4 I : 0 11 

04 I. 

i:.4 1 '■ 'I i 
04f. . ■■ 

04 II III 
0 4 10 ' ■ 

114 U III 
<-.4 ;'o I ' 


o I.' I I . 
o4. ' I ll■■IOO 


1 o 1 4 
10.15 
1016 
1", 1 7 
tOlfi 

151 9 

1520 

1521 
1521 


1 5 : 3 1 


NAME: PREGAME OUTPUT PORT SETUP 
pi iRF'i'iSp TO SET CONCOM, VEREL ETC 

E;=H0RCE:. D=VERBL. A=INM0D 
C, HORCB i GET EiASE PORT NLIMBER 

(C).B i HORBD 

C i 

<C),D i VERBL 

<INMOD). A 


, INPUTS: 
MSETUP: LD 
OUT 
INC 
OUT 
OUT 
RET 


r..'4 

. NAME Tl: ■ . 1 1 ' 

1 

, lUHCllON 10 

1 ' .-'.S 

, RF I tlKN::. A- 

1527 

, 1- 5 couNirr; ' 

1528 

i y-C = POTO-3 

1529 

, 1:1 = A SLCOND; 

1530 

i E= KEYEiOARD 1 


P-li. : 
RETURNS 


IRAN-. I riONS 

11 :il I iilv changes in IHE PORTl 
NA lHANGE 
IIMERIIN HIT 0 
HANGED 
UP 


_._ _ rO - T3!J3 

NEW VALUE IN B 


S<TC 



C: I LP 

ld e, <hl> 

ie-34 


LD BC, SOIH 


CCTLP 

LD A. c ; 

1534. 


RRCA 

1537 


LD C, A 

1538 


AND E > 



UR NZ-CCTl-* 

1540 


DUNZ CCTLP-* 

1 5,4 1 


RET 

1 ■ :.4 2 

cl.T 1. 

X OR E ' 

i 543 


ld (HL).a i 

! ':.4.4 


LD A, B 

1 'VI 5 


ADD A,D 

1548 


POP HL i 

1 54 ; 


RET 

1. 18 

1 RCHK . 

.JR Z.TSEX-* ; 

i'..4y 


ld HL,CUNT i 

1 '■■.50 


LD D. 0 

1551 


CALL CTLP > 

1552 


LD D, S 

1553 


INC HL 

i 4 


CALL CTLP > 

1 


ld BC, 40OH'<-POTO 

1 

T FT. OP 

INC HL 1 

1 ‘-,.57 


IN A, <0 

1 I'l't* 


LD E,(HL) i 

1 


SUB E 

1 OAO 


JR C,PHOT-* i 

1 ^ iA 1 


SUB PFUG i 

lAAv 


JR C,EPLOP-* i 

1 AA.:-: 


INC A 

1 4 

PHOT: 

ADD A, E 



ld (HL),a 

1 


LD E, A 

1 ■ ..■..7 


lb A, C 

1 


RET 

i'.V 

PPL OP 

INC C 

1 ' w-t / 


DJNZ TPLOP-* 

r./i 

, NOW 

T EST SECONDS 

l 

T3EX 

L0 HL,KEYSEX 

i ■ / .5 


ld a,(HL) 

l‘.74 


BIT 7,A 

r./s 


JR Z.TKEYS-* 

lA/A 


RES 7,A 

i-./7 


ld (HL),A 

I'../:-: 


ld a, SSEC 

1 ■ 


RET 

1 ,(i 

, Ml iW 

II 1 1LYDOARD 

r : 1 

HLYS 

I T.l; .11 Hl_ 

1 ' 


CALL DELOAD 


GET MASK 


CHECK IF CT BIT =1 


MASK OUT BIT IN QUESTION 
PUT BACK THE CTFLAGS OR SEMI4 


OLD RET ADDR 

SKIP COUNTER-TIMERS AND POTS? 
GET COUNTER TIMERS ^TATUS 

COUNTER TIMERS 

SEMI 43 
-> MPOTO 
GET OPOT 

NEW ONE LESS THAN OLD 
FUDGE. BOUNCE FACTOR 
NEW MORE THAN 0LD'C4 


HL = KEYSEX 


SECS 





4 , 301,503 
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^245 


AT ;;C 

Vh 

1533 


EX 

DE, HL 



04:'/;. 

Ot t 704 

1534 


LD 

BC,400H+KEy3 



r->4 

\ I nDKF 

1 S.35 


LD 

DE- ORTOOH 


SET BIT COUNTER+COLUMNN 

<')4CC 

Fri7;-.: 

15:36 

MSKl: 

IN 

A. <C) 



04:'f. 

Ti/. 

1 ’■.;37 


AND 

<HL) 


i CHECK AGAINST MA'^K 

04 ?r- 

7‘'rOA 

153S 


JR 

NZ. MSENK2-* 



04:;l 

r»ri 

1539 


DEC 

C 


NEXT PORT 

04:3;- 

iC 

1590 


INC 

E 


AND COLUMN 

04:3:3 

“ ■; 

1591 


INC 

HL 


AND MASK 

0434 

1 fiFt 

1592 


DJNZ 

MSK1-* 



0436 

/ 

1593 


LD 

A, B 


NOTHING DOWN 

0437 

i r 1 

1594 


LD 

E,SKYU 



0439 

i : :0I-: 

15V75 


JR 

MSENKE-« 



04 30 

1 1 

1596 

MS:,ENK2 

INC 

D 


BIT COUNTER 

0430 

' •( 

1597 


RRCA 




'■'4 30 

■ ■} *■ 

159$ 


JR 

NC-MSENK2-i 



0130 


r ■■•■9 


LD 

A, 0 



04 40 


l.'.OO 


RLCA 



KEY=BIT*4 

044 t 


I /./i 1 


RLCA 




044? 


1 .-.02 


ADD 

A, E 


* COLUMN 



loO:.;.: 


INC 

A 


PLUS 1 

■ -144 

: !• . 

l.,'..04 


LD 

E,SKYD 



0.)4/. 

1 ; 

1 .:../:5 

M:?.ENHE 

POP 

HL 



0.147 


1 .'-.06 


XOR 

<HL) 


KEY=OKEY? 

04 4:3 

[ , .'F 

i .;'.0 /' 


AND 

7FH 



>i4 4i', 


1 -... 0:3 


JR 

2. HANDLE-* 



/■44t: 

t'.i' 

1 /.09 


XOR 

(HL) 



.-.440 


1 1 


LD 

<HL),A 



0440 

i . \~ 

1...1 1 


AND 

07FH 



i'J ISO 

1 ' 

1 '• 12 


LD 

B, A 



oi:-u 


1613 


LD 

A. E 


KEYBOARD RETURN CODE 

045.7 

■ ■ ' 

1614 


RET 






115 

i NOW TEST HANDLES 



r>45:3 

> ■ i \ Ci04 

1.;.16 

HANDLE: 

LD 

EC, AOOH-l^SWO 



/i45/'. 


1.-.I 7 

SWLOP 

INC 

HL 

, 

-> OSWO 

0457 

^ 

t..-l:5 


IN 

A, (C) 



ii459 

1 < 

161 9 


XOR 

(HL) 


COMPARE THE 2 

i'i4‘iA 

. ■. 

1 '■■20 


JR 

NZ.SWHIT-* 



■ ro 

' 

1 />? 1 


INC 

C 



|■>45n 

1 i 7 

16 22 


DJNZ 

SWLOP-* 


NO CHANGE 

o45r 


1673 


LD 

A. B 

, 

RETURN 0 

I'.i.'.i: 


1624 


RET 




, 1 

1 : . 

I... ■5 

:3WHIT: 

BIT 

4. A 


TEST TRIGGER 

04/..': 

■ ( 

16,:/-, 


JR 

Z, JOYS-* 


NO TRIG MUST BE JOYSTICK 

0460 

■ 1 . I 

162 7 


AND 

lOH 


FILTER OUT TRIGGER 

04/-.7 


1 6 2:3 


XOR 

(HL) 


UPDATE VALUE 

(.4.',: : 


1629 


LD 

(HL),A 



1 •4/.' ■ 

I . 1 •/ 

1 6.30 


AND 

lOH 



.‘•l.'.l: 

1 

10 31 


LD 

B, A 



.■■4.'./ 


1.332 


LD 

A. C 

* 

GET PORT NUMBER 

01.'.n 


1. 3.33 


RLCA 


1 

*2 

04/.r 

I..- ■ 1 

16 34 


SUE 

OCH 



04711 

• ' 

16:35 


RET 




04 /1 

'H: 

1 

■JOV3: 

XOR 

(HL) 



04 

/ 

1/. ;/ 


1 D 

(HL ),A 


NO CHANGE IN TRIG SO STORE 

I'4 .' ; 

I /.■-I 

1/. 


AND 

OFH 

1 

TAKE OFF TRIGGER 

04/'. 

-1 7 

I/-.. 39 


LD 

B, A 



/•47,'-. 

7‘* 

.1640 


LD 

A, C 



0477 

07 

1641 


RLCA 


i 

#2 

047:3 

ri/-.on: 

16.42 


SUB 

OBH 



047A 

C?' 

1643 


RET 






1645 

; TIMEX 



1646 

; INPUTS HL-'> TIME BASE IN 

RAM 


1647 

i B^'TIMf BASE MC^DULUS 



1648 

i C-MASK AS IN DECCTS 



1649 

i PURPOSE: TO DECR TIMEBASE 

AND IF 0 RESET IF AND DECR 


1650 

i CQUNTER TIMERS 


04/R ■:'! 

1651 

TIMEX: DEC (HL) i 

DEC TIMEBASE 

r.4 7r . . 

1.352 

RET NZ 


04/n 

1653 

LD (HL),B ; 

RESET TIMEBASE 


; NAME: DECREMENT COLMMTER TIMERS 






r.-r/i" 

■ 

I ••■irr: 

0-1 

n't:-; 7 
r.-i;-:' 
n ■! :5A 
C.'lxr; 

C.-V'- I 

ri't '•> 
.■..r-'i 

u-1 
I . r''i 

I ..T'l’ 

i-i.v: 


247^ 


'4,301,5d3 
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lc.56 
1 .S';.7 
U.5& 
I 


INPUTS: 
USED DY 
MASK 
CT# 


C=HASK 
ACT INT 



It .to 

i NOTE: 

ALL C 

lOUNTERS ARE 

• j, 

Ittl 

TIMEY 

LD 

B, 3 

■ i ri' 

1662 


LD 

HL,CTO 

1 ’(■ 

K’.tS 


LD 

D, 0 

1 r 

1.664 

TIMLP: 

SRL 

C 

■ijr.A 

1 tt-S 


JR 

NC,ETLP-* 

I 

1666 


LD 

A,(HL) 

r ; 

1667 


OR 

A 


166S 


JR 

z. eTlp-* 

;ri 

166.V 


DEC 

A 


1670 


DAA 


.! 

167 1 


JR 

NZ, +3 


I ..,72 


SCF 



167:; 


LD 

(HL),A 


1 

F n.P: 

INC 

HL 

■ ! ■• 1 .'i 

1 / 


RR 

D 

1 rn 

1 


DJNZ 

TIMLP-* 

j iin4F 

1 67 .■ 


LD 

A,(CUNT) 

] 

16/;:; 


OR 

D 

. Id.-IF 

1^ 


LD 

(CUNT), A 

' ■ 

1. '' 


RET 



Its 2 

, NAME 

: TIMER ROUTINE 


AND DECCTS TO DECREMENTS CTS UNDER MASK 
*77.543210* . IF BIT=1 THEN DEC CORESPONDING 

if’eit=o leave ct# alone 

RUN IN BCD FOR EASY DISPLAY 
NO OF BITS 

-> TO COUNTER TIMERS 
RESULTS 

CHANGE THIS TIMER? 

GET THE TIMER 
IS IT ZERO ALREADV 


STORE NEW VALUF 
ROTATES IN CARRY FLAG 
COUNTER UPDATE!!:NUMBER TRACKER 


1A.S3 

Its 4 
17,S5 

1 .'i:-;/:. 


F'URPOSE 
INPUTS 
N'". 


TIC 


04011 

,■ 11 ■.'4r 

1 6; ;7 

Cl 4 A : 

1 |;4i: 

16l.;;j 

04A‘ i 

CO 

16S9 

04 At 

CPCE 

1690 

04AS 

EB 

1691 

1692 

04A? 

21EA4F 

1693 

04AC 

7F 

1694 

04 AD 

157 

1695 

04 AC 

231C 

14''^’6 

04 BO 


1697 

04B1 

200B 

1698 

04B:3 

E5 

1699 

04 B4 

DriE5 

1700 

04B.6 

CD1105 

1701 

04B'7 

DFir-1 

1702 

04BB 

F! 

1703 

04 RF 

i ;';. 'F' 

1 704 

A4BF 

rr- 

1 705 

A4F;F 

1 C; F 

1 7C'6 

A4r 1 

I l: 

J 707 

cTCr 

‘ • h’.; i 

1708 

•■.4C 4 

:n 

1 70'? 

040 ■: 

il'i 

1710 

A.IC.. 

. ■■"1 

1711 

1712 

<■■406 

n;: 1 

1713 

040.'■ 

.1 :i‘:. 

1714 

(■.4r:'^ 


1 715 

|■■4C:^| 


1716 

04r.F 

I . ' ‘ .>05 

1717 

04 D1 

. -:f-. 

17 1 •?: 

04D'; 


1 7 19 

C-ID-l 

: I 

1720 

040' . 

1. Af 

1 721 

040;' 

• r-i ! 

17 22 

OADOi 

K1: 

1 /23 

04D1; 


1'7 24 

04 DC 

1’; ■ 

1725 

<:i4Dn 

/.':i ■ ! 

1726 

04 DF 


1 727 


10 UPDATE GAMt TIME,TIMOUT AND MUSIC 
OUTPUTS: NONE 
PUSH YOUR REGISTERS (AF,BC,DE, HL) 

ASSUMES YOU PUSH DA REGS 
PRIORI TY-=TICKS 
CHECK IF TICKS OVERRUN 
RETURN 


ID 

BI r 

RET 

SET 

EX 


HL,PRIOR 
1-<HL) 

NZ 

1, (HL) 
DE, HL 


STAKO: 


*SIXTYIiH OF A SECOND 
LD HL, DURAT 
LD a,(HL) 

OR A 

Z,SIXY-$ 

DEC (HL) 

JR NZ,STAKO-* 
PUSH HL 
PUSH IX 
CALL MUZCPU 
IX 
HL 

SIXY-* 

DE, HL 
7,(HL) 

DE, HL 
NZ,SIXY-* 


INTERUPT* 
NOTE TIMER 
=0 SKIP 


=0 DO NEXT NOTE 


POP 

POP 

JR 

EX 

BIT 

EX 

JR 

DEC 

DEC 


A 

A 


=1 QUIET NOTE 


A=^0 


SIXY: 


1 /2S 
I /:.9 


IF 


JR 

NZ, SIXY-4 


OUT 

(VOLAB), A 


OUT 

(VOLC >,A 


INC 

HL 


DEC 

(HL) 

i 1F(—TMR60<0) 

JP 

p, GOUT 

i ELZ ONWARD 

LD 

(HL), 59 

iTHEN TMR60=59 

INC 

HL 

; TIMOUT 

EX 

DE, HL 


LD 

HL, KEYSEX 

i SET SECONDS UP 

SET 

7, (HL) 


EX 

DE, HL 


LD 

A,(HL) 

i CHECK IF ZERO 

OR 

A 


JR 

Z. GTIMER-* 


DEC 

(HL) 

i DEC TIMOUT 

ME TIMER ONCE A S 

■ECOND ROUTINE* 

< SEC 

!= 0 MIN 1 

=0) 





4,301,503 
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1 


I 

i;'3i 
1 '/ 

17::;: 


r 


OOP" 


1 7 :4 

o-ir t 

•I 

1 "S 

f-ir. 


1 / 

O/IK - 

1 

1 .■77 

n/ip.) 

. : ! : 

1 7 38 

04F.' 

. r 

1 7 39 

(i-ir ’ 

'[ 

1 740 

04 F 

/ / 

1 741 

onp'' 

.'1 H l‘ 7 

1742 

o4ri. 

.. .• / 

1 743 

"11 ii 


174'I 

' "11 1 

I 

1 /'I'. 

" III 

1 < 

1 /'-I.'. 

I' ll 4 . 

• f 

1 747 

04F1 

f 7 

1748 

04F2 

I xOt 

1749 

04F4 

■n 

1750 

04F5 

■7 

1751 

04F'.'. 


1 752 

o4r7 

I ,iio 

1753 

04 1 - , 

. U :-MF 

1754 

0 4rr 

I' i 

1 755 

04FE 


1756 

ci5oi:> 

r\.FE 

1757 

0502 

: 

1 758 

0505 

|- r ■r-.F 

1 759 

Cl '',07 

» ■ 

1 760 


• 

177.2 


I 7A ; 
1 tt.A 
1 76C. 


0) 

-MIN 


A, <HL) 

HL 

(HL) 

Z,GT02-* 
HL 

A,<HL) 

A 

NZ,GT01-* 
<HL). 59H 
HL 

A,<HL) 

A 


IF (SEC == 

- SEC=59i 

i ELSE —SEC 
i ELSE GAMETIMEUP 
GTIMEP: INC HL 
LD 
INC 
OR 
JR 
DEC 
LD 
OR 
JR 
LD 
INC 
I i;i 
DEC. 
b/)A 
LD 
JR 

G T 01: DEC 

DAA 
LD 
JR 

GT02: LD 

BIT 
JR 
SET 

CiOUT LD 
RES 

_ _ RET 

NAME START 
E l IRE-CISF 

INI-'UT:-:: HL -> SCORE 
A^^VOICES 


->GTSEC:S 
IF (SEC 1=0 
->GTMINS 
S< MIN!=0) 

i ->GTSECS AGAIN 
i IF (SEC ==0) 


THEN SEC=59BCD 
->GTMINS AGAIN 
—MIN 


ELSE —SEC 


ELSE GAMETIMEUP=I 


<HL),A 
GOUT-* 

A 

(HL),A 
GOUT-* 

HL,GAMSTB 
GSBTIM, (HL) 

Z, GOUT-* 

GSBEND,(HL) 

HL, PRIOR 
1, (HL) 

MUZCPU ' BACECGND OR LO 

10 START MUSIC PLAYING (ALSO NOISES) 


LEVEL 


1 1U:~ 

Ol^ios 3>?P44F 1 1 hi 

OTOP; rin22D04F 176S 

OSiTF CDFCOS 1769 

OS 1 2 1 1 770 

1771 

1772 . 

1773 

1774 

1775 

1776 

1777 
177S 
1779 
1 7S0 
17y 1 
1 782 
1 7:33 

1784 

1785 
17S6 
1 7:57 
1 738 
1739 

1790 

1791 

1792 

1793 

1794 

1795 
1 796 
1797 


i NOTE: YOU SHOULD LOAD MUZSP IF YOU DO CALLS 
MUZSET LD (VOICES), A 
LD (MUZSP),IX 
CALL MUZSTP 
JR MUZCP1-* 
i NAME: MUZCPU 

i PURPOSE: PLAYING MUSIC AND NOISES 
i NOTE. DURAT=0 WHEN CALLED 
i OUTPUT: NONE 
i *MUSIC PROCESSOR* 
i FETCH OPCODE 
i IF (OPCODE < 80H) 
i SET NOTE DURATION ETC 

i ELSE 

; SWITCH (OPCODE & OFOH) 
i CASE 80H: 

- IF {MASK=S) STUFF SNDBX; PC=PC+9 

i ELSE OUTPUT(MASK)=DATA 

, CASE 90H: 

, VOICES=DATA 

i CASE AOH: 

i (—SP)=DATA IN NIBBLE OF OP +1 

, CASE BOH: 

i SET VOLUMES = DATA, DATA 

i CASE COH: 
i SWITCH (MASK) 

i CASE 9: MPCL=(MSP++> i MPCH=(MSP++); BREAK 

i CASE D; (—MSP)=MPCHi (—MSP)=MPCL 

i CASE O: IF —(SP)==0 THEN SP++ 

I CASE 3: MPC=DATA16 

, CASE DOH; CALL RELATIVE 
i CASE EO. DURAT=DATA 


0514 
0517 
05 IB 
051C 
051D 
051E 


CASE FO: V0ICES=0, P0RTS=0 

LOOK LIKE NORMAL LOOP RETURN 
FETCH STACK POINTER 
OPCODE FETCH 
>OPERAND, DATA 
TEST FOR 80H OR MORE 


2ACE4F 

1799 

MUZCPU 

LD 

HL.(MUZPC) i 

nD;fAi:i04F 

1:300 

MUZCPI 

LD 

IX. (MUZSP) i 1 

7f: 

1801 

OPLOOP 

LD 

A.(HL) i 1 

2 3 

1 Su2 


INC 

HL i 

F7 

1803 


OR 

A ; 

F('i5B05 

1:304 


JP 

M. MOO 


1 yi.i5 

i NORMAL 

NOTE OPERATOR 









251 


OS / 1 

.'.TF 

1806 


LD 


:,-,ri4.TF 

1807 


LD 

i/'ca 

I') 1808 

1 808 


LD 


r 1 : ;:F 

1 C'.O'S' 


SRL 

osr'C 

-:»)('/ 

1 8 1 c, 


JR 

ori/F. 

rno:: 

18) 1 


OUT I 


I'..'. 

1812 


LD 

0*/32 

rRjP 

1813 


SRL 

0534 

::i>0,7; 

1314 


JR 

0533 

rrin:8 

1815 


OUT I 

rj533 

0/.0.1 

1316 


LD 

053A 

r 1 ;8F 

1817 

MSI: 

SRL 



1L f: 


JR 

1 . 1 

1 Oil : 

1: J ■ ? 


OUT I 


1 1 1 

1. t.'O 

M815 

8HL 

1 

: ' / 

1821 


JR 

0544 

.n 

1822 


DEC 

0545 

1 SC) 4 

182:3 


JR 

r>54 7 

( ■' 1 

1824 

MS2 

DEC 

0543 


1825 


INC 

<*.* .4“/ 

1 ;.( '-1 

1826 


.JR 


f.7 

1827 

MSS 

OR 

t’l’ 

."1C 

1328 

1329 

i PLAY 

JR 

NOTE 


0'".4F 8 

,■.I^24F 

1830 

0551 D 

:316 

1831 

0553 

.■■,ri84F 

1332 

0556 ri 

: 1 5 

1 

<■>553 ' 

■ i T05 

1834 

J '551. i 

(-■550 

1 ‘ 1 

183c. 


k 

18 ,;/ 


>51 

133d 



1339 



18-10 

05. .4 ■ 

i 1 -ii;)::: 

1841 

t'‘5.'.7 ’ 

• ,1; 

1842 

1 

) ;/■ 

184 3 

1 


18.14 

05.’,D 1 

. 1 ■ j 

iS'l5 

056F 

i ■ 

1846 

r.'iTA f 

1 : 

1847 

057 ? 

.< i'/ 

1843 

057 4 

• ■ -7 

1849 

(•i576 

1 

1850 

05 77 , 


1851 

0573 

ri44F 

1S52 

CC-.7t: 

' t- 

1353 

0570 1 I '■:iT 

1854 

057F 


1355 

|■'•■,81 i 

: , . .p 

1856 

05.*:s3 ' 

M 

1857 

<:.''.84 

t ‘ 

1858- 


1 : :P 

1859 

(■/:;-;7 ! 

r i < o 

1860 

n5:=:9 


1861 



13.32 

0'.:-:p. 

1 : 1 • ■ 4F 

1 863 


I > I 

1864 

< 

1 

1865 


! ■ : / 

1866 


: ■ ■ 

1867 


lit I t'll'O 

1868 

0*V^v 

. ■ ■■ ,A 

1 869 

<-,5vr; 

no - 3 

1 370 

o5->n 


1871 

o5-'r 


1872 

n59F 

1 : J- 1 

1873 

05 A1 

r (! »■> 

1374 

mVu\ ■ 

J ‘.‘ / 

i;,;75 

\ '• .rv • 

1 ..Ml 

|;;76 

, .• „, ■ 

1 ! IT' 

18/7 

< ’''lA v 

.■VM )l' 

18 

05AP 

nri.'FOO 

1879 

05Ar. 

0023 

1880 


MOO: 


OUT 

LD 

OUT 

JP 

CP 

.JR 


4,301,503 

(DURAT),A 

A, (VOICES) 

EC. SOOH+SNDEX 
A > 

NC. +4 

B. 5 i 

A 

NC. +4 

B. 4 
A 

NC.M32-* 

A 

C. MSB-* 

UL 

M83"4 
B 

HL 

MSI 5-* 

A 

NZ.M81-* 

A.(PVDLAB) 
(VOLAB).A 
A. (PVOLMC) 

< VOLC).A 
MUZ999 
90H 

NC.M01-* 


252 


SET NOISE 


-> VIBRATO 


SET VIBRATO 
-:> NOTEC 
CHECK C, E, A 


CHECK IF INC PC WAS ON 
RESTORE PC 


MOO 1: 


MOl 


TUFF PORT OR SOUND BLOCK 

EjIT 3, ft j IF (STUFF SNDBLK) 

JR Z.MOOl-* 

LD A.B i SAVE B (VSN) 

LD BC. 8*256+SNDBX i 

OTIR ' 

JR OPLOOP-* 

7 

lOH 
C, A 


MO 


MO;3 


AND 
OR 
LD 
OUT I 
JR 
JR 
LD 
INC 
LD 
JR 
CP 
JR 
AND 
LD 
INC 
JR 
CP 
JR 

LOAD PVOLS 
LD 
LDI 
LDI 
JR 
JR 
DEC 
JR 
INC 
INC 
INC 
JR 
CP 
JR 
AND 
CP 
JR 
LD 
INC 


HL->NEXT OPCODE WHEN DONE 

ISOLATE PORT NUMBER 
PORTS 10H-17H 
SET PORT REGISTER 


oplp: 

M04 


M040 
N04 I 


OPLOOP-* 
NZ.M02-* 

A.(HL) 

HL 

(VOICES).A 

OPLOOP-* 

OBOH 

NC, M03-* 
OFH 
E. A 
E 

M045-* 

OCOH 

NC,M04-* 

DE,PVOLAB 


OPLOOP-* 
NZ.M040-* 
(IX+0) 

NZ, M041-i 

IX 

HL 

HL 

0PLP2-* 

ODOH 

NC, M05-* 

OFH 

9 

NZ, M043-* 
L, (IX+0) 
IX 


GET NEW VOICES 


SET VOL ETC 


DONT CARE ABOUT BC 


DEC STACK TOP 


PC SP STUFF 

ISOLATE MASK 
RETURN 
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254 


253 



riTt//:.oc» 

IBSl 

* 

LD 

H, < IX-^0) 



rin;':3 

1882 


INC 

IX 



1 : ;ijr.: 



JR 

0PLP2-* 


• ''.1:7 

*.r 

1884 

M043: 

LD 

E, <HL) 

i pCL= 

(■I'-.nO 


1 


INC 

HL 

<-,'--.r;9 


1886. 


LD 

D,<HL) 

i PCH= 

nriBA 


1887 


INC 

HL 


Or.RF: 

FB 

1883 


EX 

BE, HL 

1 SET THE PC 


Fr04 

188'? 


CP 

4 

i IS IT A JMP? 

O'^BF 

''■■02 

1390 


JR 

C, 0PLP2-* 

i IT IS 


nii.T; 

1391 

MO.^4 

DEC 

IX 

i ITS A CALL 

t ,1 ' 

f ; ' i M'> 

1 ::!y2 

LD 

<IX+0), D 

i (—SP)=PCH 

< .1 ' . 

!•- 1: 

.1 sy3 

N045 

DEC 

IX 


' ■’ '■ 

Ml 

I 8y4 


LD 

(IX+0),E 

i (—SP)=PCL 

(■' .1 i'l 


i 


JR 

0PLP2-* 


('.•■ir r 

’’ M •*< 

18V.. 

M05 

CP 

OEOH 


0"d-F 


1 f:97 


JR 

MC, MD6-* 


r.'-.nr. 

r . .i 

1 


AND 

OFH 


f/.ri ;■ 

....... 

1 39'^ 


LD 

B, 0 


c.'^n \ 

■II 

1 . .0 


LD 

C, A 


(■■■ .ir. 


1 '91.. 1 


LD 

D, H 


t •' ill/. 


1 -yiiy 


LD 

E.L 


l-.'.IlT 


1 '903 


ADD 

HL. BC 


' ■ 

1 i 

19.. 4 


JR 

M044t-* 

i CALL 

<'MiA 

. • • N 1 

i90';i 

M06 

JR 

NZ,M061-* 


r.'Mir 

:,,l v.;f 

190/-. 


LD 

A,IPRIOR) 

; LEGSTA 

('.'•Mr 

' . 

1907 


XOR 

80H 


r i 

' IF 

190S 


LD 

(PRIOR),A 


OM 

1 . 

1909 


JR 

0PLP2-* 


t'-'.r.'-. 

I 

1911:) 

MCI61 

CP 

OFOH 

i REST VOICE (OR SUSTAIN) 

<■' -f 

: . 1 

ivl 1 


JR 

Z.MUZSTP-* 


f'.I'A 

»l 

1912 


LD 

A,(HL) 


('■'■in 

(■.".rr 

: 1 .VIF 

1/)S 


LD 

(DURAT). A 

i SET DURATION OF QUIET 


1 ■ 1 4 


INC 

HL 


A'-.I-F 

M 

1 15 


XOR 

A 



’ ■ ■ ■ ■ 

1918 


OUT 

(VOLAB), A 


A';r'? 

i ■ * . 

1 'M / 


OUT 

(VOLC), A 



' i IF 

1918 

i END OF 

MUZIC PROCESSOR 

(■’.i 1 

1 9 1 ■? 

MUZ'999: 

LD 

(MUZPC), HL 

; SAVE THE PC 

1 ■' .1 / 

iV.( I; i 

'• (iii4F 

1 ■■'.:0 


LD 

(MUZSP). IX 

i SAVE THE STACK POINTER 


i-’.i 


RET 





1 'y.2 

i NAME 

MU2STP 


('•'■.Cl’ r 


1 

1 F'URF' 

:i;5E: 

STOP MUZCPU, SET PORTS TO 0 


1''.'4 

MUZ:8TF; 

XOR 

A 


A' .r fi 


1 


LD 

(DURAT), A 


<.*« .. M ' 

, : ..)F 

1 


LD 

(PRIOR), A 


<*•/.< • : 1 

' \ ■ '• 

iK.y 


LD 

BC, SOOH■^SNDBX 

1 

1 . ' > 

1 •728 


OUT 

(C), A 


ri/.i «:•: 

1 ■! 1 

1 929 


DJNZ 

-2 


A/i'A 1 


1 '93.'i 


RET 





1 9:-! 2 

NAME; 

DO IT 




19 ■: : 


BE: 

TRANSFER 

CONTROL TO USER STATE TRANSITION 



1 •934 

INI-UT 


A - RETURN CODE FROM SENTRY ROUTINE 



193rj, 


HL =-■ 

DO IT TABLE 

ADDRESS 



1936 

OUTPUT: 





1957 

DESCRIPTION: THIS ROUTINE IS USED W|TH THE SENTRY ROUT 



1938 


IT 1 

S USED FOR DISPATCHIN(5 TO A STATE TRANSITION 



1939 


ROUTINE. THE RETURN CODE FROM SENTRY IS USED TO 



1940 


SEARCH THE DOIT TABLE. IF A MATCH IS FOUND, CONT 



1941 


TRAN 

oFERED. IF NO MATCH IS FOUND, THE ROUTINE RE 



1942 


THE 

DOIT TABLE IS 

MADE UP OF THREE BYTE ENTRYS; 



1943 


BYTE 

0 BIT 7; IF 

SET - DO A MCALL TO THIS HANDLER 



1944 


BYTE 

0 BIT 6: IF 

SET - DO A RCALL TO THIS HANDLER 



1945 


BYTE 

0 BITS 5-0: 

RETURNCODE THIS ROUTINE IS TO PR 



1946 


BYTE 

1 AND 2: THE 

ADDRESS TO TRANSFER TO. 



1947 


THE LIST IS TERMINATED BY A BYTE WHICH IS . GE. OC 

060T< 7 


1948 

1D0ITE 

LD 

A, B 


06i‘'i" r 

*, 

1949 r 

1D0IT: 

PUSH 

DE 


A7.r)ri 


1950 


LD 

D. A 


060r 


l'?51 1 

IDO I TO: 

LD 

A,(HL) 

i CET RETURN CODE FOR THIS ENTR 

AAf.r II 

1 '952 


LD 

C, A 

I C = CURRENT ENTRY 

if/. 1 ■ r 


1953 


CP 

OCOH 

i LIST TERMINATOR? 

u/. I 


1 -954 


JR 

C.MDOITl-* 

i NO - JUMP 

O/.l j f- 

1 

1 955 


POP 

DE 

i YES - RETURN 

of: 1 1 


1956 


RET 
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06/ 1 t I: 
06/'• ' O 
(>''■■/ ' ' 

06 /M ' ' - 
06 // . < ■. 
06 .'I I'i 
O/./l i : 

(j/-. ) i'i 


MDOITl 


tIDO 1A 


MD0IT2 

hDOITS 


HL 

3FH 

D 

Z, MD0IT2-* 

HL 

HL 

MDOITO-* 

DE 

E, (HL) 

HL 

D, (HL) 

DE, HL 
7, C 

NZ, MMCALL 
6, C 

NZ,MRCALL-* 
DE 


NORMAL MATCH? 

JUMP IF SO 

NO MATCH - SKIP OVER 

GO TO ADDRESS 


DE = GOTO ADDR 


MCALL? 

JUMP IF SO 
RCALL? 

MUST BE JUMP 


MRCALL: 


1957 MDOITl: INC HL 

195e AND 3FH 

l/>=,9 CP D i NORMAL MATCH? 

1960 JR Z,MD0IT2-* i JUMP IF SO 

1961 MDOIA; INC HL i NO MATCH - SKIP OVER 

1962 INC HL < GO TO ADDRESS 

19/-.3 JR MDOITO-* 

1964 MD0IT2. POP DE 

1965 MD0IT3: LD E, (HL) i DE = GOTO ADDR 

]966 INC HL 

1967 LD D, (HL) 

1968 EX DE, HL 

1969 BIT 7,C > MCALL? 

1970 JP NZ,MMCALL i JUMP IF SO 

1971 BIT 6,C i RCALL? 

1972 JR N Z,MRCALL-♦ 

1976 POP DE i MUST BE JUMP 

1974 POP AF 

[975 PUSH HL 

1976 EX DE, HL 

1977 , RCALL ROUTINE 

1978 MRCALL; JP (HL) 

1979 , is-fi-*-***!,**#************ 

19:i0 , * VECTORING ROUTINES * 

19S1 ; «■*#**»********•»*****»* 

1982 i NAME: VECTOR X AND Y COORDINATES 

1983 , PURPOSE: UPDATE X,Y COORDINATES AND LIMIT CHECK 

19:54 i INPUT: IX = VECTOR PACKET 

1985 i HL = LIMITS TABLE 

19:56 i OUTPUT C = TIME BASE USED 

1937 i NONZERO STATUS SET IF OBJECT MOVED 

H» NOl'F^i; 

I -;;./ ; fl 1 IS FiUUTINt-: WORKS WITH A ^VECTOR PACKET^# WHICH LOO 

1 'V'vO i •»■■»•«■■»»■*•«■•►■*■«***•►*■»*♦****♦*♦******** 

1991 i -itBYTE*- CONTENTS * NAME * 

1992 i ■a-***'************************'*”*'*'* 

199:3 ; «■ 00 * MAGIC REGISTER * VBMR * 

1994 i ****#****«■«■**•»«**«■****»■»'******■** 

1995 i * 01 * VECTOR STATUS * VBSTAT * 

1996 i **«•■»**«■**«***«•*************'**'*'*'•' 

1997 'i * 02 « TIME BASE * VBTIMB * 

19'?S i ***«•**«■*****•»*******■»•»****■**♦*■*'* 

1999 i * 03 * DELTA X * VBDXL -* 

2000 i * 04 * * VBDXH * 

2001 ; ************************************ 

2002 i * 05 * X COORDINATE * VBXL * 

200:-.: j * 06 * * VBXH ■* 

'004 i **«•*#«■»**«■*«■*•»****»***********•* 

2005 i «■ 07 * X CHECKS MASK * VBXCHK * 

006 ; «#**•»•■»*«■»**■»***■**♦*■*******■****** 

007 i * OS * DELTA Y * VBDYL * 

00:5 , * 09 * * VBDYH * 

009 ■ ; «********«**■»*■*»•»**■»************■ 

oio i * OA * Y COORDINATE * VBYL * 

on , OB * * VBYH * 

'012' , *«*«***»***«■****«•*************** 

'1,1:5 ; * OC * Y CHECKS MASK * VBYCHK * 

:014 i ■«■*«•***■»•***■«■******■***********■•*** 

'01':, i 

'■.,16 , OPTIONS BYTE; 

:0;l7 ; BIT MEANING 

;019 i 7 VECTOR IS ACTIVE 

:0.’;0 i 

iO;;l ; CHECKS BYTE: 

;0:'':2 i BIT MEANING 

:'0;:-4 , O DO LIMIT CHECKS 

'025 i 1 REVERSE COORDINATES ON LIMIT ATTAINMENT 

• 0.V6 i 3 TARGET ATTAINED (OUTPUT) 

;'O.V;T’ j IF THE VECTOR IS ACTIVE, AND THE TIME BASE IS NONZER 

. ,. :5 i THEN THE UPDATE COORDINATE ROUTINE IS CALLED FOR THE X 

/O/v : AND Y PORTIONS OF THE PACKET. 

/i,; :0 MVECT: SET PSWZRO, ( lY+CBFLAG) i SET ZERO FLAG 

E:IT VBSACT, (IX+VBSTAT) ; IS VECTOR ACTIVE? 
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I ■I/'- 


UU 


■ f. 


t'-. 


II 
I >. I: : I 

*'■. *1 ^ I I ■ ■ :t »i I 
I'..' -ir I I i 

ir I ! .u/. 

r>, ' . I t I . ■ ,1 lu 
u. .'.-I M'! ' 


,'i'' 

i I'10 
1 

:;o42 

.'044 

204 '=:• 
.-U4.';. 
,04/ 
o 4 y 

2049 

2050 

2051 

2052 

2053 

2054 

2055 ■ 

2056 

2057 


258 

TIME BASE TO C 
ZERO TIME BASE 
PASS BACK TIME BASE 


IS TIME EASE ZERO? 

QUIT IF SO 
ADVANCE TO FIRST 

UPDATE FIRST COORDINATE 
; TO Y 


LD C,<IX+VBTIMB) 

LD <IX+VBTIME), 0 
LD <IY+CBC),C 
RET Z 
LD A, C 
AND A 
RET Z 

LD DE,VBDXL 
ADD IX,DE 
CALL MVECTC j 

LD DE,VBDYL-VBDXL 
ADD IX, DE 

AND FALL INTO . . . 

NAME: VECTOR COORDINATE 

FUKPUSE: UPDATE Of SINGLE COORDINATE 

INI Lit: IX - POINTER TO L. 0. DELTA BYTE OF VECTOR 

C =- TIME BASE 

HL = LIMITS PACKET (IF USED) 

OUTPUT: NONZERO STATUS SET IF MOTION OCCURED 

(SHOULD BE SET ON CALL, SINCE IT IS NOT S 

NOTES: 

THIS ROUTINE OPERATES ON A SUBSET OF THE VECTOR PACK 
(BETWEEN L. 0. DELTA BYTE AND CHECKS BYTE). 

THE DELTA IS ADDED TO THE COORDINATE TIME-BASE TIMES 
IF OPTIONED, LIMIT CHECKING IS DONE. IF THE CHECK FAI 
THE COORDINATE IS SET TO THE LIMIT. 


0656 F5 

205.S 

i WHEN 

THIS 

HAPPENS, THE 

LIMIT ATTAINED BIT IS SET 

2059 

MVECTC: 

PUSH 

HL 


0657 005601 

2060 


LD 

D, <IX+VBDCH> 

i LOAD DELTA 

065A nOSFOO 

2061 


LD 

E, (IX+VBDCL) 


0650 0i'i6.603 

2062 


LD 

H, (IX+','BCH) 

i LOAD COORDINATE 

066'T lin.'.,F02 

206.:3 


LD 

L, (IX+VBCL) 


0/.6': M- 

:5064 


LD 

A, H 

i SAVE OLD COORDINATE FOR 

066 ■! 4 1 

2065 


LD 

B, C 


066'" 1 ■' 

2066 

hVECT1: 

ADD 

HL, DE 

i ADD DELTA TO COORD 

066. ■. loro 

2067 


DJNZ 

MVECT1-* 

i TIME-BASE TIMES 


'206S 

i HAS 

MOTION OCCURED? 


06.'.r: l;i 

:.l':069 


CP 

H 


066'' "004 

,2070 


JR 

Z,MVCT1A-* 

i JUMP TO SKIP TESTS IF SO 

06<-.r: r ni',B0SE6 

2071 


RES 

PSWZRO, (lY+CBFLAG) ( SET MOVED STATUS 


2072 

, IS LIMIT 

CHECK WANTED? 


066F 00r00446 

207:3 

MVCTIA: 

BIT 

VBCLMT,<IX+VBCCHK) 

067 ■ 

2074 


JR 

Z,MVECT6-$ 

i MVECT6 IF NOT 


2075 

. PERFORM LIMIT CHECK 


0675 -r 

2076 


LD 

A, H 


067.-. r . 

2077 


EX 

(SP), HL 


0677 1.. 

2073 


LD 

B. (HL) 

LIMIT TO B 

067:': . 3 

2079 


INC 

HL 


067--.- [ Fi F 

2:osjo 

; HANDLE SLIGHTLY LESS THAN ZERO CASE 

2031 


CP 

207 

MIDPOINT BETWEEN 160 AND 

0670 6 >..,7 

2032 


JR 

NC.MVECT2-* 

JUMP TO FAIL IF >207 

0670 

2083 


CP 

B 

DO COMPARE 

0,'.7r 

2i.>84 


JR 

C,MVECT2-* 

JUMP ON FAIL 

063<'. 4.'. 

2085 


LD 

B, (HL) 

UPPER LIMIT CHECK 

06;': 1 1::: 

2086 


CP 

B 


O.'.;-;- 

2087 


JR 

C,MVECT3-* 

JUMP ON PASS 

069-1 .- : 

.■•038 

MVECT2: ■ 

INC 

HL 



141-..0:3 
■ I «h '' ‘020* t 
o/.c.i rMii j;o^ri( 

. r 1 

0/-r'\ Mil I:r)/14r 


fi. I 

I •» 


2090 

209 1 

2092 
?* >93 
?.09A 
/ ( 

209h‘ 

2091 


A LIMIT WAS EXCEEDED - SET COORDINATE AT LIMIT 
LD (IX+VBCH),B 
LD (IX+VBCL),0 

SET VBCLAT, <IX+VBCCHK) ; SET LIMIT ATTAINED 
IS REVERSE DELTA OPTION SET? 

POP AF ; CLEAN UP STACK 

BIT VBCREV, (IX +VBCCHK) 

RET Z i QUIT IF NOT 

REVERSE THE BIMBO 



2093 

LD 

A, D 

. 1 

209'? 

CPL 



2 100 

LD 

D, A 


2101 

LD 

A. E 

.1 

1«»/ 

CPL 


* .1 

. 1 i 

LD 

E, A 

I 

U)4 

INC 

DE 

\>ii ^ .1 >1 , 

1 <>^:1 

LD 

(IX+VBCCD.E i 

nrc’,701 

2106 

LD 

(IX+VBDCH), D 


STORE BACK 








OoAS 
• lAA'l 
OAA':. 

fi/.iV. 

ou,u 

O^-B 1 


F': 

I >i I /* 

|<|> ‘^Ol- 

r 1 

ri|H [:;049E 
C ■' 


0/CV 
fiAl; ■: 

061^:7 


f.F 

rii'IFOB 
FP- 
CPI 4 
tt3<)C 


06Pr. 
OAII 
o/.nr ' 
o.'-r •. ■ 
o.'.r 
0/1 
OAl' •’ 
OAi ' 
OAf ■ 
O' r : 
O// • • 
OACI' 
0/:.l' i 
OApi ■ 
0/1' ■ 
OAP : 
OAl't 
O/.TF ■ 
I'lAf I- 
O/.p: 

O/'r''' 

OAF'C 
O/'l" 
OAH( 
O/.F I 


rii' 'F0‘? 


;i f I 




I. .(■ 


/'/tA 
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21 a7 
2 1 OS 
2109 
21 10 
2111 
2112 

2113 

2114 
:• 11 A 
:■ 1 I / 

.1 13 

2119 

2120 
2121 
2122- 

2123 

2124 

2125 
212A 
2127 
2123 

2129 

2130 

2131 

2132 

2133 

2134 
2135. 
21 36 
2 137 
2 1 33 

j 2139 
j. 140 

2141 

2142 

2143 

2144 
2 1 45 
2 1 46 
2147 
2143 
2 1 49 
2 1 50 
; 151 

2152 

2153 

2154 
2:155 

2156 

2157 
2 153 
2159 
2 160 


MVD;.T3; 

MVEC.T6: 


RET 

INC 

EX 

LD 

LD 

POF' 

RES 

RET 


4,301A03 


HL 

(SP)iHL 
(IX+VBCL).L 
(IX+VBCH),H 
HL 


260 

STEP PAST LIMIT 

HL = COORDINATE AGAIN 

STORE BACK COORDINATES 

RESTORE LIMITS POINTER 

* ___ /V T k.ir>n ol 


__ . _ rvc. uiii*''-/ — 

VBCLAT.(IX+VBCCHK) i CLEAR ATTAINED BIT 

RFT 

, *************************** 

PAINT RECTANGLE ROUTINE * 

*fr»i.««*tt-»tt*<t*************** ^ 

PAINT RECTANGLE 

INPUT A = COLOR MASK TO WRITE 

B = Y SIZE 
C = X SIZE 
D = Y COORDINATE 
E = X COORDINATE 

MPAINT; XOR A 

CALL RELTAl 

, UNMAGIC THE G** D*** ADDR 

(MAGIC). A 

(URINAL)iA 1 PRIME THE SOB 

E,<lY+CBA) 

A, C 


EX 
SET 
OUT 
XOR 
LD 
LD 
LD 

RRCA 
RRCA 
AND 
INC 
LD 
DEC 
JR 
LD 


06F. 1 

• . 

2 1 61 

i-./.r ■ 

• 

11.2 

O.M ■ 


2 1 63 

O/F 

.,.i r AT 

: 164 

061 .• 

1? 

2 1 65 

o/ r 1 


21/.6 

ii.M ■ 

■ ti 

2167 

0/.f 1 

,A 

2 1 63 

0/.( 1 

■ .1 

2 169 

o/.t 1 


2 170 

O/.l" 

Ti 

21 71 

I'll 

1 . 

2172 

1. 1 

. \ 

1 / ' 

•1 1 

,’i 

.■J /4 

< •• r5 

I' f o«) 

21 /■:> 


O.'FV 
O/.FS 
O/.FA Cl 
o/.rr; FI 

I .; I 2 ; 
r./.( D I ■ ’ 


.i.7 

lOFl 


>176 

2177 

•2173 

2179 

2130 

2131 


3FH 
A 

D> A 

MPTI: DEC D 

Z,MPT2-* 

A.OFFH 
CALL STRIPE 
JR MPT1-* 

MPT2; LD A. C 

AND 03H 
INC A 
LD c. a 
XOR A 
MPT3; DEC C 

JR Z,MPT4-* 

RRCA 

RRCA 

add a, llOOOOOOB 
JR MPT3-* 
f.1pT4; CALL STRIPE 
XOR A 

i AND FALL INTO . . 

‘ stripe R . DRTR E -ROSK B - ITERRTIONS 

, OUT HL-HL+1 A = CLOBBERED 
stripe push HL 
PUSH BC 

UP (URINAL).A 
LD a,(URINAL+4000H) 

ld c. a 

STRFl; LD A. E 
XOR <HL) 

AND C 
XOR <HL) 
ld (HL).A 
LD A. L 
add a.BYIEPL 
LD L, A 

LD A. H 

ADC A.0 
L D H. A 
DJNZ STRPI-* 

BC 
HL 
HL 


POP 

POP 

INC 

RET 




06Fr 

07<‘ii (III'; 
07(;i-'i r.ri''. 
071'! ;■ I II If 


070! i* r , 
07i''i' "r 
07Cir' . 
070r ,:V: 
i57i''( '-.r 

07iri ■•(; 
07II : ; 
07i:- 
07 I ': ' . 
0714 r I 


071^ i: 
071.'. .■ 
071 1.. 

071; : . 


07 I v I I,I . 


07 ir fr;/7 
"711 :r;-r 

'i.'. ii 1 I •.( 

O/'. ;- .-..I I 

0724 AF 
0725 C5 
0726 05 
0727 

0720 (-14:0 
072A 1.- 
0721: ni 
072C r i; 
0720 OF 2:3 
072F O:/ 

07 50 FF: 

07 51 n 
07 52 I I I 
O'.l :■ 
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262 


f'i'iO 

F Ci.S 
F:OtF< 


1; :4 

i K WLLIL 

ROUTINES * 

2(::;'. 

, t t-u » nt »* **»*»***»-« 

21:36 

NOTES: 

THE GENERAL CALLING SEQUENCE FOR THE WRI 

21S7 

INPUT: 

HL = PATTERN ADDRESS 

218S 


D = Y COORDINATE 

21 y? 


E = X COORDINATE 

21'70 


B = Y SIZE 

2191 


C = X SIZE 

y 1 92 


A = MAGIC REGISTER 

219:3 

OUTPUT: 

DE = SCREEN ADDRESS USED 

2194 


THESE ROUTINES ARE NESTED, FOR EXAMPLE 

^ly5 


WRITP. WHICH FALLS INTO WRIT, WHICH FALL 

2196 

ENTRY: 

WRITE FROM VECTOR 

2197 

INPUT: 

HL = PATTERN ADDRESS 

2198 


IX = VECTOR ADDRESS 

2199 

OUTPUT: 

DE, A 

7i2O0 

SIDE EFFECTS; BLANK BIT SET IN VECTOR STATUS BYTE 

.1201 NVWRIT: LD 

A, <IX+VEMft) i LOAD MR 


LD 

D,<IX+VEYH) ; LOAD Y 

22p3 

LD 

E, <IX+vfeXH) i LOAD X 

2204 

SET 

VBBLNK, (IX+VBSTAT) ; SET BLANK BIT 

220^. 

ENTRY: 

WRITE RELATIVE 

2206 

PURPOSE: 

WRITING RELATIVE PATTERNS 

^,^07 

INPUT; 

HL, DE, A 

220£: 

OUTPUT; 

DE 

2209 

NOTES: 

PATTERN IS PRECEEDED BY RELATIVE DISPLAC 

22 lU 


(X FIRST, THEN Y) AND PATTERN SIZE 

2..; 11 MWRITR: PUSt 

4 AF ; SAVE MR 

2212 

LD 

A, <HL) i GET REL X 

2213 

INC 

HL 

2214 

ADD 

A, E i ADD TO SUPERIOR X 

2215 

LD 

E. A 

2216 

LD 

A, (HL) ; SAME STORY FOR Y 

2217 

INC 

HL 

2218 

ADD 

A, 0 

2219 

LD 

D, A 

2220 

POP 

AF 

2221 i 

ENTRY: 

WRITE WITH PATTERN SIZE SCARE-UP 

.<(222 i 

PURPOSE: 

WRITING VARIABLE SIZED PATTERNS 

2.223 ; 

INPUT: 

HL, DE, A 

2224 i 

OUTPUT. 

DE 

2225 i 

NOTES: 

FIRST TWO BYTES POINTED AT BY HL ARE TAK 

2226 i 


TO BE PATTERN SIZES (X SIZE FIRST) 

2227 MWRITP: LD 

C, (HL) j GET X SIZE 

2228 

INC 

HL 

2229 

LD 

B,(HL) ; AND Y 

7230 

INC 



OA 


.'2.54 

2235 

2236 

2237 


> ENTRY: WRITE WITH COORDINATE CONVERSION 

- INPUT: HL,DE, BC, A 

i OUTPUT: DE 

MWRIT: CALL MRELAB ; DO CONVERSION 

i ENTRY: WRITE ABSOLUTE 

; INPUT; HL, BC, A AS ABOVE 

DE = ABSOLUTE SCREEN ADDRESS 


MWRlTftL BIT 


??59 

' JR ' 

NZ. MWRTFL-* 

.'.'40 

BIT 

MRXPND,A 

22'M 

JR 

NZ.MWX-* 

2242 

i DO NORMAL? WRITE 

2243 

XOR 

A 

2244 

MWRT; PUSH 

BC 

2245 

4>USH 

DE 

2246 

LD 

B,A 

2247 

LDIR 


2248 

LD 

(DE),A 

2249 

POP 


2200 

EX 

DE, W. 

2251 

LD 

C. BYTEPL 

2252 

ADD 

HL. BC 

2253 

EX 

OE.HL 

2254 

POP 

BC 

2255 

DJNZ 

11WRT-* 

2256 

RET 



FLOP WRITE WANTED? 
I MWRTFL IF SO ‘ 

I EXPAND WANTED? 
i JUMP IF Sp 


> ZERO REGISTER B 
i WRITE A LINE 
I FLUSH THE SHIFTER 

t ADVANCE TO NEXT LINE 


LOOP IF MORE GOODIES 


2257 


WRITE EXPANDED 







4,301,503 


264 


263 


r> ■ ‘. 




MWX: 

EX 

DE, HL 


ft ' . 



7> 

MWXl: 

PUSH 

BC 


r* ■ 



22'-O 


PUSH 



(') 

1 : 


2261 


LD 

B. C ♦ 






MWX2: 

LD 

A,(DE) 



I 


77/'.;': 


INC 

DE 


■ - i . 


• 

2264 


LD 

(HL),A 


('• .1 



./r.r. 


INC 

HL 


(■’ :Ii 



2266 


LD 

(HL),A 

• 

O' ':r 



2 >.-.7 


INC 

HL "v3 


« » ' 1 





DJNZ 

MWX2-* 


O'; 11 



2 2 ■•7'' 


LD 

(HL),B 


n 1 ■ 



2270 


INC 

HL 


('f ' ■ 



2271 


LD 

(HL),B 


l>r 1 •> 

i 


■> 


POP 

HL 


u ' .’ r. 

-.i 


> 27:"^ 


LD 

C,BYTEPL 


cr: 1 ; 



2274 


ADD 

HL, BC 


C.',’1:-: 



2?7fS 


POP 

BC 



III 


2276 


DJNZ 

MWX1-* 


i: - • 11: 



2277 


RET 





•7 T'"??-: 

i RnUTINE TO HANDLE FLOPPED CASE 

WANTE 

0 / 11' 

1 ' ' 


2279 

MWRTFL: 

BIT 

MRXPND, A i EXPANDED FLOPPED WRITE 

o; 11 

. ■ 1 ■ 


2230 


JR 

NZ,MWXF-» i JUMP IF YEP 


O'”'.! • 

,'.1 


2281 


XOR 

A 


O ," J 

1 ' 


2 2 2 

WRFU1 : 

PUS'H 

BC 


(■' ' 

' ■■ 


2 2. 0-7 


PUSH 

DE 


07' . : 

-1 ■ 


2284 


LD 

B, A 


O' .-1 

( ; 

. 

•-V “ 

WRFL2: 

LDI 



C l i.'. 

l: 


7* '*1* liri < :• 


DEC 

DE 


<*> ” . 

t 


22 ■'6 7 


DEC 

DE 


O " •: 

1 . 

1 07 

7 2:'*::-: 


JP 

PE,WRFL2 


O -M: 

t 

‘ 

2 


LD 

(DE),A > FLUSHETH 


Ti .1 

1.1 


22‘<* 


POP 

DE 



11 


2291 


EX 

DE,HL I SAME AS NORMAL NOW ON 


07M 

< 'I 


2292 


LD 

C,BYTEPL 


OV' «■* 

4 


2193 


ADD 

HL, BC 


07/. 1 

1 1 


2 2'? 4 


EX 

DE. HL 


OV/..', 

1 1 


2295 


POP 

BC 


0‘*. ■; 


?796. 


DJNZ 

WRFLl-$ 


i •■ . 

» ' 




RET 







i WRITE 

EXPANDED FLOPPED ROUTINE 



ir> 


2299 

NWXr-: 

EX 

DE, HL 


07.'-.7 

C5 


2:300 

MWXFl: 

PUSH 

BC 


076.S 

E5 


2301 


PUSH 

HL 


07/;.v 

41 


2302 


LD 

B, C 


07/-.A 

lA 


230%^ 

MWXF2: 

LD 

A, (DE) 


07.'r: 

1 7 


•2;304 


INC 

DE 


ov'.r 

7 7 


2305 


LD 

(HL),A 


<•>7' n 

:f- 


2306 


DEC 

HL 


07.'.[ 

7 7 


2307 


LD 

(HL),A 


07/F 

Z'fi 


230S 


DEC 

HL 


077>' 

1IIE 

5 

2309 


DJNZ 

MWXF2-* 


077." 

7 ' 


2310 


LD 

(HL),B 


077:: 

: i; 


2311 


DEC 

HL 


077 1 

1 . 


2312 


LD 

(HL).B 


077' 

j , 


2:313 


POP 

HL 


• 

■ . 


2314 


LD 

C, BYTEPL 


f'l"* ■ 



2:815 


ADD 

HL. BC 


07'’ ■ 

■ 1 


,'316 


POP 

EC 


(■''/''. 

r 

1. 

2 317 


D..tNZ 

MWXF1-* 


('■7' ■' 



2:313 


RET 






2 319 

, NAME 


BLANK FROM VECTOR 





y~:20 

i PURPOSE: 

BLANK WITH INFO LOAD FROM VECTOR 





2 321 

, INPUT: 

IX = VECTOR 





2322 

i 


E = X SIZE 





2323 

; 


0 = Y SIZE 





2324 

; NOTES: 

THIS ROUTINE BLANKS TO 00 





2325 



THIS ROUTINE INTERROGATES THE BLANK BIT 




2326 



AND REFRAINS FROM BLANKfNG IF NOT 

SET 




2327 



IF IT WAS SET. IT IS THEN RESET 


.■ 1 


I...t77 


MVBLAN: 

BIT 

VBELNK.(IX+VBSTAT) i IS BLANK BIT SET? 

r-7: ■ 1 

. 


2329 


RET 

Z J QUIT IF NOT 


07:': 

’.hi 

l;oiE7- 

2330 


RES 

VBELNK,(iX+VBSTAT) i KILL BLANK BIT 


07' 

t .i.. 

. .I'.r 

2.:-: 31 


LD 

H,(IX+VBOAH) i LOAD BLANK ADDRESS 


(^7:' 

; ( . 

t ,,D 

c :l32 


LD 

L,(IX+VBOAL) 






4 , 301,503 


2^5 


07:':* 

I'lii 1:0076 233 : 3 '^ 

BIT 

07 

2334 

JR 

cr/-'-. 

■' 2:335 

LD 

07* ■ 

' 2336 

NEG 

07'' 

' 2337 

INC 

07''''<■ 

'' 2 3:33 

LD 

cty-'y 

"'■1 r 2.5:-;9 

LD 

()7' ■ 

2340 

ADD 


2341 

i UNMAGIC TF 

r>7'-.' 

:’.:42 

MVELAl: 


. ! i 1 

SET 

rj7''^ 

■ .■•:44 

LD 


2:345 

i NAME; 


.'346 

: PURPOSE: 


.■347 

i INPUT: 


234:5 



2349 



.6350 


07--'r 

■ r . 2351 

MBLANK: LD 

07A'* 

■ ' 2352 

SUB 

0701 

41" 2:353 

LD 

'■/O ■■ 

/: : 2. :'>4 

LD 


MRFLOP,<IX+VBMR) 


; 

07.^4 

07A5 

07A6 

07A3 

07A'> 

07An. 

07AC 


■I : 

77 

lOFC 

09 

I'". 

7i'f7 

r:'> 


07C4 

07C.7: 

071":/. 

07C7 

070., 

07c.i; 

07r F 


7F 

A7 

r.p. 

f .V F07 

r'. .4 

iTil I 07 


Z, MVBLA1-* 

A. E 

A 

C. A 

B. OFFH 
HL. BC 


266 

IS FLOP SET? 


ADDRESS 


JUMP IF NOT 
X SIZE TO A 

TWOS COMPLEMENT AND ADD 


USE TO BACK UP SCREEN ADDRESS 


(>. H 
B, 0 


; ASSUME BLANK TO ZERO 

BLANK AREA 

SETTING N X M REGION TO CONSTANT 
HL = BLANK ADDRESS 
E = X SIZE 
D = V SIZE 
B = DATA TO FILL 
A,EYTEPL 


WITH 
COMPUTE LINE 


INCEMENT 


23U6 

2357 

2358 
235? 

2360 

2361 

2362 


MBLANl: 
MBLAN2: 


LD 

LD 

INC 

DJNZ 

ADD 

DEC 

JR 

RET 


C.A 

A, B 

B. E 
(HL),A 
HL 

MBLAN2-* 

HL, BC 
0 

NZ,MBLANl-» 


I A = DATA TO FILL WITH 




2363 

i NAME: 

RESTOI 



2364 

i INPUT: 

HL = : 



2365 

i 

DE = : 



2366 

1 NOTE: 

SIZES 

07AD 

Ef-; 

2367 

MREST; EX 

DE,H- 

07AF 

4f. 

2368 

LD 

C, (HL) 

07AF 

.■ 7 ' 

2369 

INC 

HL 

07FiO 

1 .. 

2370 

LD 

B, (HL) 

(■'■’HI 


2371 

INC 

HL 

O’/Fi/ 

*' I; : 

2372 

SET 

6, D 

071:4 

n) 

2:3'/:5 

XOR 

A 

O''1:5 

‘ ” 

2374 

MREST1: PUSH 

BC 

O'O':.'-, 

r.' 

2:375 

PUSH 

OE 

0707 

■1 ■ 

2376 

LD 

B. A 

0'’r;:3 

ri 

2377 

LOIR 


0"|-:0 

r', 

237S 

EX 

DE. HL 

1:1; 

I t 

2:579 

POP 

HL 

0'T;r 

■'s' 

i::3:30 

LD 

C,BYTEPL 

O'DF 

(>■■■ 

2381 

ADD 

HL, BC 

0'.T:F 

Vr. 

2382 

EX 

OE.HL 

0 -'CO 

r j 

2383 

POP 

BC 

O' r 1 

I ‘*'f 

2384 

DJNZ 

MREST!-• 

O"! ■; 

I 

2385 

RET 




2387 

i ******************* 


AREA 

TEEN ADDRESS TO 
SAVE AREA ADDRESS 


MAKE SURE WE ARE NONMAGIC 


2390 

2391 
2392’ 

2393 

2394 

2395 

2396 

2397 
2393 

2399 

2400 

2401 

2402 

2403 

2404 

2405 

2406 

2407 
2 4 OS: 


* CHARACTER DISPLAY ROUTINES * 

display STRING 
MESSAGE DISPLAY 
E, O = X, Y COORDINATES 
HL - STRING ADDRESS 
IX = FONT DESCRIPTOR 
D,E ALTERED AS IN DISPLAY CHARACTER 
4 BYTES (EXCLUDING USE BY SYSPCH) 

AS EACH CHARACTER IS BROUGHT IN, IT 
T,r r,. . BEING A LIST TERMINATOR ( CHAR = 0) 

IF IT ISN'T, DISPLAY CHARACTER IS CALLED AND THE 
TEST IS REPEATED FOR THE NEXT CHARACTER. THUS 
A NULL STRING IS HANDLED PROPERLY. 


NAME: 
PURPOSE. 
INPUT; 


OUTPUT: 

STACK USE: 
EXPLAINATION; 
IS TESTED FOR 


STRNEW: 


STRDl: 


LD 
AND 
RET 
JP 
CP 
JR 
CALL 


A, (HL) 

A 

Z 

M,STRDl 
64H 

NC,STRD2-* 
DISPCH 


GET CHARACTER 
BE IT A TERMINATOR? 
QUIT IF SO 
DISPLAY IF ALT FONT 
SUCK IN STRING? 

JUMP IF YES 
SHOW CHAR 








4,301,503 


2409 

2410 

2411 

2412 

2413 
24 14 
241':. 

2416 

2417 
.'418 

2419 

2420 

2421 

2422 

2423 

2424 
4 ^ 5 

2426 

2427 

2428 
2<I29 
2430 
,:431 
2 4 52 
2 433 
2434 
2 435 
.4 56 

'2437 

' ,'440 
244 1 
2442 
2 443 
. .114 
.'•14'i 

2446 

2447 

2448 

2449 

2450 

2451 

2452 

2453 

2454 

2455 

2456 

2457 
245S 
2459 


GO AFTER NEXT' CHARACTER 


INC HL ' ADVANCE TO NEXT CHAR 

JR STRNEW-* i and loop 

E.TRD2: AND 1011 IB i MAKE SUCK MASK 

LD B* A 

INC HL 

EX DE, HL 

CALL MSUCKl 

JR STRNEW—♦ > BO AFTER NEXT'CHARACTER 

****** •■■li'** ******* ************* 

* CHARACTER DISPLAY ROUTINE * 
***************************** 

INPUT' A = CHARACTER 

C = OPTIONS 
D = Y COORDINATE 
E = X COORDINATE 
IX = FONT DESCRIPTOR 
(ONLY IF ALTERNATE FONT USED) 
nilTPUT DE UPDATED TO POINT AT NEXT CHARACTER FRA 

NOTES: THE OPTION BYTE IS FORMATTED AS FOLLOWS: 

BITS CONTENTS 


0-1 OFF COLOR FOR EXPANSION 

2-3 ON COLOR FOR EXPANSION 

4 OR OPTION 

5 XOR OPTION 

6-7 ENLARGEMENT FACTOR <N+1)X 

CHARACTERS BETWEEN 1 AND IFH, AND 

ARE INTERPRETED AS TAB CHARACTERo. THEY CAUSE T^ 
SlR3.3 R SpRESENTED BY D AND E TO BE SPACED OVER N 
ruacarTPR POSITIONS. WHERE N = CHAR. AND. 7FH 
CHARACTERS BETWEEN 20H AND 7FH ARE TAKEN AS REFERENCES 

THE SYSTEM STANDARD 5X7 CHARACTER FONT. dm 

BETwIeN OAOH AND OFFH REFER TO THE US^R SUPPLIED ALTERN 
, HAK.V. FtK FONT. THIS FONT IS DESCRIBED BY A FONT 
DL8CRIPT0R TABLE OF THE FOLLOWING FORMAT: 

-ft •«'-fr-M-■**'***■•*■■*’■* ■**■■** ■*'* ■**■**'*'**’*'**’* * 

* 0 * EASE CHARACTER VALUE * 
****************************** 

* 1 * X FRAME SIZE * 

****************************** 

« 2 * Y FRAME SIZE * 

****************************** 

* 3 * X PATTERN SIZE (BYTES) * 
**,*************************** 

* 4 * Y PATTERN SIZE * 

****************************** 

« 5 * PATTERN TABLE * 

* 6 * ADDRESS * 

****************************** 


JUMP IF YES 

IS CHAR < 20H? 

JUMP IF NOT 

LOOP TO SPACE OVER 

STORE IT BACK 


JUMP TO EXIT 
SUBTRACT BASE CHAR 


r.^F 1 


■2460 

DI:5FCH: PUSH 

BC 

V 


.' 461 

PUSH 

HL 

1. T 


162 

PUSH 

IX 

■’•'r • 


24.:v3 

AND 

A 

fi'f/. 

IhV,’ 

2464 

JP 

M.DISCHl 


lor.o;: 

2 465 

LD 

IX,SYSFNT 

I'.'.'f ri 1 


24.;.6 

DBSCHl: CP 

20H 


.. .1 i 

2 467 

JR 

NC,DISC1B-* 

1 • 



DI:5C1A: PUSH 

AF 

i'« 'I-; 


2469 

CALL 

NXTFRM 



2470 

CALL 

FINDL3 



24 71 

POP 

AF 



2:472 

DEC 

A 

(■' ’r 


2473 

JR 

NZ,DISC1A-* 


r. 

2474 

JR 

DISCH5-* 

r.-rr 

. . .«'*0 

2475 

DISCIE; SUE 

(IX+FTBASE) 

r ) 


2476 

LD 

E. A 

nO-'i." i 


2477 

LD 

D. 0 

,4 

'.11<>0 

2478 

LD 

HL, 0 

d” * r ^ I ♦ /* 

: ,:5 

■2479 

LD 

C, (IX+FTBYTI 

ij'-.OA ' 

.. 1 i.:.n4 

2430 

DISCH2: LD 

B, (IX+FTYSI 

r'ftrin 


24 31 

DISCH3; ADD 

HL, DE 

'‘f; 

; li 

2482 

DJNZ 

D1SCH3-* 

or :\0 ■ 


2483 

DEC 

C 


MULTIPLY CHARApTER 
BY PATTERN SIZE 






4,301,503 


270 


1 I 

I ^ I 

I 


:ir. 
:l n 


^69 


,11.1 




I'll IFO'; 


I 


:i I 


'.'y; 


oy?7 
u-:yr, 

Oy?r; 

I'ly?!' I iiv[:05 
I ;:l 

I 

II jEC 
ni 

OS36 C:nF40C 
c>S39 nriEi 
OSSB Ft 
rt 

0F13n C9 


0S3F F ri7E06 
0S4I 07 
084? <:>7 
0843 FAO:?. 
0345 -ii 
03<'!.,. I 
034:’ 

•••,' ■ 

034^' : 

034A I ■'■r ri 
'■'340 .i? 

0343 


'034F 1 nypos 
Oft'j] 13 


083? 

0835 


'03.;.05 
II7F04 


0838 nii8<:.(>} 


24:34 

JR 

NZ, DISCH2-* 

24:35 

LD 

D, < IX-^FTPTH) ; 

2486 

LD 

E. < IX-fFTPTL) 

•4; 17 

ADD 

HL, DE 

24:3:3 

; COMPUTE POSITION WHERE NE> 

2.1:39 

, AND SAVE 


.■4-'-0 

CALL 

NXTFRM i 

2 4 '1 

PUSH 

DE i 

2492 

LD 

B, (IX-t^FTYSIZ) 

.■■493 

DISC:H4: PUSH 

BC 

24-74 

PUSH 

HL 

24 >5 

CALL 

WRTLIN 

2.V'6 

POP 

HL 

24 9/ 

LD 

C,<IX+FTBYTE) ; 

249:3 

ADD 

HL. BC 

2.4'9'J 

POP 

BC 

i-r'.'OO 

LD 

A, <IY+CBD> i 

.I>1 

ADD 

A, C 

.11.? 

LD 

<lY+CBD),A 

2503 

DJNZ 

DISCH4-* 

2504 

POP 

DE i 

2505 

CALL 

FINDL3 , 

2506 

DI3CH5: POP 

IX 

2507 

POP 

HL 

2503 

POP 

BC 

25C>9 

RET 



ADD TO TABLE START 


STEF COORDINATES TO NEXT FRAM 
SAVE 


STEP TO NEXT LINE OF PATTERN 
ADVANCE y COORDINATE 


RESTORE NEW POSITION 
STUFF DE BACK INTO CONTEXT 


2310 
2511 
2:512 

2513 

2514 

2515 

2311 

2517 

2518 
<•'.19 
2:,'20 
25? 1 

2322 

2323 

2324 

2525 

2526 

2527 
2328 

2529 

2530 
23.31 


enlargement FACTOR TO ITERATION C 


i INPUT 
i OUTPUT. 
DCLCTB: LD 

RLCA 
RLCA 
AND 
INC 
LD 
XOR 
SCF 
ADC 


MODE BYTE FROM CONTEXT SAVE AREA 
B,A = ITERATION COUNT 
A.<IY+CBC) i GET MODE BYTE 


03 

A 

B. A 
A 


J ISOLATE ENLARGEMENT FACTOR 


PCLCTI: 


A# A 

DJNZ DCLCT1-* 

LD B. A 
RET 

FRAME*^^^*^^ UPDATE COORDINATES TO POINT AT NEXT CHARA 

INPUT: COORDINATES TAKEN FROM CBD, CBE IN CONTEXT 

OUTPUT: UPDATED COORDINATES RETURNED IN D SS E 

A,B - CLOBBERED, C=ENLARGE FACTOR CONVERT 


085B i.-.Fll: 

2535 

0.350 ( FAO 

2536 

0S5F 2309 

2537 

08.31 

25:33 

0362 11 

2539 

0868 !'D:3.:.02 

2540 

0866 lOKB 

2541 

0:36:f: '.v 

2542 

0869 :,f 

2543 

0:-:6A 

2544 


2545 

2546 

2547 

o:'.m:. I11.0.3 

254'9 

08.'.r ... .,1, 

2550 

0:371 MU'. 

2551 

0:; ;|i. loOOO 

2552 

'*:":77 1.113*3' 

2553 

0:37-3 I.tir;;, 

2554 

087B hi 


087C :r<',i 

2^.56 


4 NXTFRl: 


NXTFR2: 


NXTFR3: 


get ITERATION COUNT 
SAVE 
GET Y COORD 
GET X COORD 
ADD X FRAME SIZE 
2*#ENLARGE TIMES 
PAST RIGHT EDGE OF SCREEN? 


YEP - ADVANCE VERTICAt, 


NXTFRM; CALE DCLCTB 
LD C,B 
LD D, <IV+CBD) 

LD A, (lY+CBE) 

ADD A,(IX+FTFSX) 

DJNZ NXTFRl-* 

CP 160 
JR C,NXTFR3-* 

LD A, D 
LD B,C 

ADD A, (IX+FTFSY) 

DJNZ NXTFR2-* 

LD D. A 
XOR A 
LD E, A 
RET 

i AND^EXPAND ^ PATTERN WITH ENLARGE 

, ENTRY: HL = SOURCE IX = FONT TABLE 
li/RTLIN: LD C, < IX+FTBYTE) 

LD B.O 

LD^^ IX O * CAPTURE STACK POINTER 

ADD IX, SP 

IX i SAVE CAPTURED STACK 

. n’’ '• = CAPTURED STACK 

LD A, OCH , SET EXPAND TO 00, 11 






4,301,503 


272 



./ 

OUl <XFAND>.A 



LB A, i;iF:FI 

i SET EXPAND BIT 



OUT (MAGIC).A 




LB A. (lY+CBC) 

i GET CONTROL BYTE 

■.r:r:7 r .r('i 

. V 1 

'‘M 

AND OCOH 

i ISOLATE ENLARGE AMOUNT 


JR. Z, WRTL3-* 

i JUMP IF ZERO 



RLCA 


.r. ' ■ / 

2564 

RLCA 

WRTLl; EX DE, HL 

j CLEAR CARRY BIT 

jfjxr. A/ 


AND A 

2 .. 6 / 

SEC HL, EC 

i COMPUTE STACK FRAME SIZE 

;<yyl t . 

•' a/ .P, 

SBC HL. EC 



LD SP. HL 

; SEIZE STACK SPACE 


^L.70 

RES 6 ,H 

; MAGICIFY THE ADDRESS 

A ;■ ■ 

2!:.71 

PUSH AF 


*. w •» 

2572 

LD B, C 

i GET SOURCE BYTE 


2 ^.' / o 

WR 'L2; LD A, <DE) 

INC DE 



LD <HL),A 

i EXPAND IT 



INC HL 




LD < HL).A 

i FLUSHETH 

■ f\ 

. - ‘'Vy 

INC HL 



1 / 

DJNZ WRTL2-* 




SLA C 

POP AF 


.. 


LD HL,0 

ADD HL, SP 

i CAPTURE STACK TOP AGAIN 


•v| 

LD D. H 

i SET DE=HL 



LD E, L 

; FOR NEXT BEST COMBO 

r* 

» . 

DEC A 

‘ 



JR NZ,WRTLl-* 

NOW DO WRITE TO SCREEN 

i GET ITERATION COUNTER 

.A 


WRTL3: CALL DCLCTB 


'‘‘f 

CALL DEL.0AD 


1 ■ ■ 


LD A,(lY+CEC) 


■ ■ 

, 

OUT (XPAND),A 


i' ■ ’ ' 

. ' ■■ ■ 

AND OSOH 


i 

2*V-4 

OR S 



v'^'. 

CALL RELTA 


' ’ 


EX DE, HL 


('.'T-f ’ 

i V / 

WRTL4: PUSH AF 


r.-M - , 

4' ■ cl 

PUSH EC 


1 . :■ » ! 


PUSH DE 



/ :A '( * 

PUSH HL 


r- ■ ■ ‘ 

. .« ■ i 

LD B, C 


('-■ ' ,1 . 


WRIL5: LD A,<DE) 


r: : ' 


I NC DE 


I- 

. ‘ • i 

LD (HL),A 



.•. ,11 . 

INC HL 


Ti 

.. 

LD (HL),A 




INC HL 




DJNZ WRTL5-* 

i IS FLUSHOUT NEEDED? 

{■' . . 1 .; 

.■> .1 »'-> 

LD A, <IY+CBE> 

(■■ ■ f * 

/■ ■ 1 o 

AND 03 


r- r -1 1 

..) 1 

JR Z,WRTL 6 -* 

i JUMP IF NOT 

('.■'■ri'; 

1 / 

LD (HL).B 


1 . 

//•i j 

WRTL. 6 , POP HL 

i STEP TO NEXT LINE 


.'.M -1 

1 D C,BYTEFL 


t V 1 « - , ■ 

. -. r. 

Al'D III , DC 


1 : 1 ■ 1 . 1 

i /. 

riif I'l 



.1 / 

fuP DC 


ri 

2 o 1S 

PttP AF 


rinri'": nyoc 

2 iSlV 

OUT (MAGIC), A 


ri^nn 

2'■•20 

DJNZ WRTL4-$ 


rifTiF npF-’ 

2621 

LD SP, IX 

i RESTORE STACK 

i.ni 1 

2. 

POP 1X 


('»: :f- r r ■ 

y623 

RET 



2625 

i MACRO TO GENERATE CHARACTER PATTERN TABLE ENTRY 


2626 

DEFCHR MACR ttA,#B,«C.#D, 

HE,HF,#0 


2627 

DEFB HA 

* 


DEFB »»B 
BEFB HC 
DtFB #D 
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274 


d -273 


#E 

BEFB #F 
CEFB #G 
ENBM 



r.r 'l • 


I'l;'f 

.9.40 

or 1 ’ 

. .. i 1 

I'r"' 


rr>-■ ■ 


■ ■; 


1 ■ 

. .4';. 




... .4 .’ 

■ . J •• •’ 


• • • 1 • 

.:64y 


. ./y > 

rt’--'' 

.'/.M 

i\o 1 


r>" ' ■ 



.'‘.4 




O' ' 


1 / 

.','-.,-.1 



1 r"* 


1 r’' ■ 

4 

( 


11 

;/ 

1 ■ I ,ii 

<,.. .• / 

l i' .; 

..r,/i.. 

cy>i 

2 A 71 

09D7 

2672 


. 267.3 

OOFO 

26/4 

i / 

267r, 

cv/rf- 

2676 

o-( 

2677 

OOfT 

2678 

DAOS 

26/9 

OAOA 

26S0 

OA1 1 

2681 

n -M 


o," 1 r 


. 

.' ^84 

r*. : ri 

; .9 

j: 


1 



r..' ’ 



I'.' I 



r: I 
O.'. 

Cu' - 

cr.-'Ti 

or 

n 

riO': r 


20 ■i'8 
2t>9y 
270<j 
270) 


2 /.-r| 


^ LARGE CHARACTER SET (£ 
I RGCHR 

DEFCHR OOOH,OOOH, 
DEFCHR 020H,020H, 
DEFCHR 050H,050H, 
DEFCHR 04SH, 04SH, 
DEFCHR 020H, 07SH. 
DEFCHR OCOH, OCSH, 
DEFCHR 060H,090H, 
DEFCHR 060H,060H, 
DEFCHR OlOH,020H, 
DEFCHR 040H, 020H. 
DEFCHR OOOH,OASH, 
DEFCHR OOOH.020H, 
DEFCHR C>OUH, OOOH, 
DEFCHR Oi -OH, OOOH, 
DEFCHR OOOH, OOOH, 
DEFCHR OOOH, OOSH, 
DEFCHR 070H, OSSH, 
DEFCHR 020H, 060H, 
DEFCHR 070H,OSSH, 
DEFCHR 070H,OSSH, 
DEFCHR OlOH,030H, 
DEFCHR OFSH,OSOH, 
DEFCHR OSOH, 040H, 
DEFCHR OFt+l, OOSH, 
DEFCHR O/OH, OSSH, 
DEFCHR O/OH,OSSH, 
DEFCHR OOOH, OSOH, 
DEFCHR OSOH, OSOH, 
DEFCHR OlOH, 020H, 
DEFCHR OOOH, ObC)H, 
DLElUti: 040H, 020H, 
DEFOIli O/OH, OSSH, 
DEFCHR 070H,OSSH, 
DEFCHR 070H, OSSH, 
DEFCFIR OFOH, OSSH, 

■ DEFCHR 070H, OSSH, 
DEFCHR OFOH, OSSH, 
DEFCHR OFSH, OSOH, 
DEFCHR OFSH, OSOH, 
DEFCHR 070H, OSSH, 
DEFCHR OSSH,OSSH, 
DEFCHR 070H,020H, 
DEFCHR OOSH, OOSH, 
DEFCHR OSSH, OSOH, 
DEFCHR OSOH, OSOH, 
DEFCHR OSSH, ODSH, 
DEFCHR OSSH, OCSH, 
DEFCHR OFSH. OSSH, 
DEFCHR OFOH, OSSH, 
DEFCHR 070H, OSSH, 
DEFCHR OFOH, OSSH, 
DEFCHR 070H,OSSH, 
DEFCHR OFSH, 020H, 
DEFCHR OSSH, OSSH, 
DEFCHR 03€:H, OSSH, 
DEFCHR OSSH, OS-SH, 
DEFCHR OSSH, C>SSH, 
DEFCHR OSSH,OSSH, 
DEFCHR OFSH, OOSH, 
DEFCHR 070H, 040H, 
DEFCHR OOOH,OSOH, 
DEFCHR 070H,OlOH. 
DEFCHR 020H.070H, 
DEFCHR OOOH. 020H, 
DEFCHR 020H,020H, 
DEFCHR OOOH, 020H, 
DEFCHR OOOH. OSSH, 


! X 8) 

OOOH, OOOH, OOOH, OOOH,OOOH i 
020H, 020H, 020H, OOOH, 020H i 
OSOH,OOOH, OOOH, OOOH, OOOH i 
OFCH,04SH, OFCH, 048H, 048H i 
OSOH, 070H, OOSH,OFOH, 020H > 
OlOH,020H, 040H, 09SH, 018H ; 
OAOH,040H,OASH, 090H, 0&8H ; 
OtOH,OOOH,OOOH, OOOH, OOOH i 
020H,020H, 020H, 020H, OlOH i 
020H,020H, 020H, 020H, 040H ; 
070H,ODSH, 070H, OASH, OOOH i 
020H, OFSH, 020H, 020H, OOOH i 
OOOH,OSOH, OSOH, 020H, 040H i 
OOOH, OFSH, OOOH,OOOH, OOOH ; 
OOOH, OOOH, OOOH, OSOH, OSOH i 
OlOH,020H,040H,OSOH, OOOH i 
OSSH,OSSH, OSSH, OSSH, 070H i 
020H,020H, 020H, 020H, 070H > 
OOSH,070H, OSOH, OSOH, OFSH i 
OOSH,OSOH,OOSH, OSSH, 070H ) 
OSOH,090H, OFSH, OlOH, OlOH i 
OFOH,OOSH,OOSH, OSSH, 070H ) 
OSOH,OFOH, OSSH, OSSH, 070H ) 
OlOH,020H,040H, 040H, 040H i 
OSSH,070H. OSSH, OSSH, 070H i 
OSSH,07SH, OOSH, 01 OH, 060H ) 
060H,OOOH, 060H,060H, OOOH i 
OOOH, OSOH, 060H, 020H, 040H i 
040H,OSOH, 040H, 020H, OlOH f 
OF'SH, OOOH. OFSH, boon, OOOH i 
OlOH,OOSH, OlOH,020H, 040H i 
OOSH, 01 Of), 020H, OOOH, 020H i 
OBSH,OASH, ODSH, OSOH, 07SH i 
OSSH,OFSH,OSSH, OSSH, OSSH j 
OSSH,OFOH, OSSH, OSSH. OFOH i 
OSOH, OSOH, OSOH, OSSH, 070H i 
OSSH,OSSH, OSSH, OSSH, OFOH ) 
OSOH, OEOH, OSOH, OSOH, OFSH ) 
OSOH,OEOH, OSOH, OSOH, 080H i 
OSOH,OSOH, 098H,OSSH, 078H i 
OSSH,OFSH, OSSH, OSSH, OSSH i 
020H,020H, 020H. 020H, 070H ; 
OOSH,OOSH, OOSH, OSSH, 070H > 
OAOH, OCOH, OAOH, 090H, OSSH ) 
OSOH, OSOH, OSOH, OSOH, OFSH i 
OASH,OASH, OSSH, OSSH, OSSH i 
OASH, 09SH, OSSH, OSSH, OSSH i 
OSSH,OSSH, OSSH, OSSH, OFSH ; 
OSSH,OFOH, OSOH, OSOH, OSOH ; 
OSSH,OSSH, OASH, 090H, OSSH i 
OSSH,OFOH,OAOH, 090H, OSSH ; 
OSOH,070H, OOSH, OSSH, 070H i 
020H,020H.020H,020H, 020H i 
OSSH, OSSH, OSSH, OSSH, 070H ; 
OSSH, OSOH, OSOH, 020H, 020H i 
OSSH, OASH, OASH, ODSH, OSSH i 
OSOH.020H, OSOH, OSSH, OSSH i 
OSOH,020H, 020H,020H, 020H i 
OlOH,020H, 040H, OSOH, OFSH ; 
040H, 040H, 040H, 040H, 070H ; 
OAOH,020H, OlOH, OOSH, OOOH i 
OlOH,OlOH, OlOH, OlOH, 070H i 
OASH,020H,020H,020H,020H ) 
OAOH,OFSH, OAOH,020H,OOOH i 
020H,020H,OASH,070H, 020H ; 
OlOH,OFSH,OlOH,020H,OOOH i 
050H,020H,OSOH,OSSH,OOOH ; 


SPACE 


« 

X 

«c 

( 

) 

* 

+ 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


< 

> 

7 

@ 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 
M 
X 

Y 
Z 
[ 
\ 
] 


DOMN 

RIGHT 

MULTI 
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JCFE 0 
-^lEFE 20H 
DEFB 0 
EEFE OFSH 
DEFB O 
DEFB 20H 

LAST BYTE OF DIVIDE IS ZERO, 
BYTE OF . . 

:.HALL CHARACTERS (4X6) 


WHICH HAFPENS TO BE FIR 


1 


y -1 i 

sMLCHt-i 





i ’«* ' 

DEF5 

OOOH,OOOH,OOOH,OOOH, OOOH i SPACE 

<*•. i 

; 1. -1 

*■' / j / 

Ml 1 JUMP; POP 

IX 


1 t. 

r 

7/1'-: 

EX 

<SP), HL 


r-rr 7 

[i!-: ■■ 

771V 

JP 

<IX> 




1 

.N.iMI CoNVhKf LEY COnE TO ASCII 




. LIIF.I U: .F . Cl 

JMl. 




.■ / S 

, (Ml- Ul . A^L b 

Y CODE 




7/74 

, OU IT LIT: A- ASC11 EOUI VALENT 



77:43 

iHOW: ■TABLE 

LOOKUP 




7 / 77 . 

MKCTAS: 




A~: 

7777 

LD 

C, B 


M 

( ( ><■» 

7/7:3 

LD 

B, 0 


f.Ai f 

.'1 f7.r.A 

77 79 

LD 

HL,KCTATB 


■ ..•■,11 


2/.::0 

ADD 

HL, BC 


. ..-.rn- 

'r 

7731 

LD 

A,(HL) 


(•■API 

(• [17709 

27 .-:2 

QFROO: LD 

(lY+CBA), A 


>''Ari4 

'■ . 

2733 

RET 





7 •• 35 

KCTATE: 



.• .Ml'. 


A :'<C' 

DEFB 


SPACE 

,. .11 

' 

■ •:/ 

DEFB 

■C' 

BULLET 



:3 

DEFB 

5EH 

UP ARROW 




DEFB 

5CH 

DOWN ARROW 



I-',- 

DEFB 

■'•/.' 


• •, .• 


. * H 

DEFB 

R 

RECALL 

i'.. 1 .1 


. ^4 7 

DEFB 

" s ■' 

STORE 

' II 


13 

DEFB 

i 

PLUS-MINUS 

.1 ■ 


7 . 1 4 

DEFB 

■' / •' 

DIVIDE 

. 


V 15 

DEFB 

'7' 


.. M 


: '4/.'' 

DEFB 

•S' 


••..•■r I . 



DEFB 

'9' 


I 


.■■V4;3 

DEFB 


TIMES 

1 ■t" 1' 


. i -/ 

DEFB 

'4' 


‘ 'I'lf 


.■ / '.‘i/i 

DEFB 

•'5' 


J‘ 1 



DEFB 

b' 





DEFB 


MINUS 

‘■'.M 


.■ 

DEFB 

■ 1 •' 


■ 


- .4 

DEFB 

'7.' 


• 



DEFB 



.1 


7 «•-* 

DEFB 

+ 

PLUS 

• 1 1 « 


7 / 

DEFB 

'U' 

CE 

• . M 


. / 

DEFB 

'O' 


/ f . 


.■3- 

DEFB 

/ /■ 

POINT 

h 


/r.O 

DEFB 


EQUALS 




. NAME : 

FILL AREA 





. I-LIRFOSE : 

SET REGION OF SCREEN TO CONSTANT 



. A 

, INPUl: 

A = DATA 

TO FILL WITH 



. -■ ■ //i 


EC = NUMBER OF BYTES TO FILL 




, 

DE = STARTING ADDRESS OF REGION 

« r 



Mb ILL: EX 

DE, HL 


r 


:■ 

MFILL1 : LD 

(HL), A 

; STUFF BYTE 


■ . 1 ' 

/■ /. 

CPI 


BUMP HL, DEC BC 

1 

■ i.i 1 -.n 

/ / /o 

JP 

PE, liFILLl 




.’7/1 

RET 





. / 

, NAML. 

RFlAriVE 

TO ABSOLUTE 



7 / /'\ 

; PURPOSE : 

COORDINAL 

E CONVERSION 



7. ' /'j 

; INPUT; 

E = X COORDINATE 



77/6 

i 

D = Y COORDINATE 



7'7V7 

; 

• A = MAGIC 

REGISTER VALUE TO USE 



7778 

'i OUTPUT: 

DE = ABSOLUTE ADDRESS 



7779 

i 

A = MAGIC 

REGISTER TO USE 
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in 



2/;-;0 

. MAGIC 

ENTRY POINT 

i-r.FA 

r I irr: :0F: 

2/01 

MREI-AEi: 

CALL RELTA 

OAF-' 

1 r.0':< 

2782 


JR MRELA2-* 



27S3 

i NOI\|NAGIC ENTRY POINT 

OAFF. 

rn-iEOB 

27R4 

MRELAl : 

CALL RELTA1 

OAFF 

rrF2 

27SS 


SET 6,D i NONMAGIC THE ADDRESS 

nr-M'-rj 

ri! ’:=r04 

278/> 

MREUA2: 

LD <IY+CRf>,E i UPDATE CB DE 

or:'''F 

n'-’:?05 

2707 


LD (IY+CED).D 

r.n 

1 , t 

? 

MFROG: 

JR QFROG-* 



/>. • 

i MAGIC 

ENTRY POINT 

■■ r:i : 

' o OF 


RECTA: 

CALL RELTAl 

«M ■ 

■' . -1 

.£791 


OUT (MAGIC),A 

r*r:( .M 

‘ 

y’ / 


RET 

or-’i-.f 


v’ '7'- 

CFSUM2: 

DEFB 0 i *** CHECKSUM •»** 

r.i:>-.F 


2 ’9.| 


DEF5 OEOH,OAOH,OAOH,OAOH,OEOH ; 0 

|•■n 1 -1 




DEF5 040H, 040H, 040H, C)40H, 040H ; 1 

V 




DEF5 OEOH, 020H, OEOH, OSOH, OEOH i 2 

01:1 F 




DEF5 OEOH, 020H,060H,020H,OEOH ; 3 

r-r-" 


*7 7 


DEF5 OAOH, OAOH, OEOH, 020H, 020H i 4 

i -r: ' 


;7 7 


DEF5 OEOH,OSOH, OEOH, 020H, OEOH i 5 

r-T ■ '-n 


t<' 1 


DEF5 OEOH, OSOH, OEOH, OAOH, OEOH i & 

i’>\ . : ■ 


2 1 


DEF5 OEOH, 020H, 020H, 020H,020H i 7 

r-1; --.7 


7o''*i ' i* 


DEF5 OEOH,OAOH,OEOH,OAOH,OEOH i 8 

I'.i -r 


2S0;; 


DEF5 OEOH, OAOH, OEOH,020H, OEOH i 9 

'11 


7804 


DEF5 OOOH, 040H, OOOH,040H,OOOH i : 

r.t; 




DEF5 040H, OEOH, OEOH, OEOH, OEOH ; BULLET 


I 

(■vr- in f ' . 


. yii/ I MOVE ROUTINE 
MMOVE: LOIR 

.'009 RET 


2i-i.l I i SYSTEM ENTRY POINT FOR NONMAGIC ADDRESSES 


(■F If 1 ■ 

: i 

RELTAl: PUSH 

HL 


AFir 1 7, 

7:-: 1 J 

AND 

OFCH 

; TOSS OUT SHIFT AMOUNT 

n|:M 

1,4 

LD 

L. A 

i S.e^VE 



LD 

A, e 

i GET X 

Ol : 


AND 

OSH 

i ISOLATE SHIFT AMOUNT 

|•.FF'•. 1 ■ 

•' * • 1 / 

OR 

L 

i COMBINE WITH MR 

CiF**./, 1 ' 


RELTA2: PUSH 

AF 


r,F''.' ( i.. 

7i::t V 

AND 

040H 

i IS FLOPPED BIT SET? 

Ol-:',-' .1 

''•'"•A 0 

LD 

A,E 


OF'.A . : 


JR 

Z,RELTA?7-f 

i JUMP IF NOT 

Ml ' , (■ 

, • "> 

CPL 


i YEP - UNFLOP THE COORDINATE 

Ml ' i 1 ( . ,11 1 


ADD 

A, 160 


MI'M ..,i 


HI 1 TA3: LD 

L, D 

i HL = Y 

Ml*:/ M 

2F2!.j 

LD 

H, 0 


0F.:.2 29 

2826 

ADD 

HL, HL 

i SET HL = Y ♦ 8 

OF/;."-; 29 

2S2/ 

ADD 

HL, HL 


OPAl 29 

2S2S. 

ADD • 

HL, HL 


r.F:/.*; -..-i 

2Sp 

LD 

0, H 


Ml:'/. Ml 

28.30, 

LD 

E, L 


•• •• 

2831 

ADD 

HL, HL 

i SET HL = Y » 32 

MF/.. : . 

2332 

ADD 

HL, HL 


MR/.' r. 

2833 

ADD 

HL, DE 

i SET HL = Y * 40 

OF/.A FF'iF 

2834 

SRL 

A 

; A = X 4 

op/.r rpFF 

2835 

SRL 

A 


OP/-.F '■'F 

2836 

LD 

E, A 


Op.'.F F..'.M 

2S:37 

LD 

D, 0 


OF” 1 ' 

2833 

ADD 

HL, DE 

i HL = Y * 40 -F X 4 


.''8:39 

IF 

NWHDWR-1 




END IF 


Of:: ■ I : 

/8.( 1 

EX 

DE, HL 




2:;i4:3 

i NAME: 


RETURN FROM MACRO SUBROUTINE 


.'844 

, PURPOSE: 


RETURN CONTROL TO CALLER 



, THIS CODE 

WAS 

^STOLEN' FROM RECABS SINCE 


. O-IC. 

1r DOES THE STACK CLEANUP THAT MRET DOES 

OP.- 

. ■ >4 / 

MMRFT: POP 

AF 


1 ■ 


POP 

HL 


r.pv ■ 

2: : 19 

RET 
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. , ENTRY FOR USER 

' : •■‘I; INXNIE; CALL XNIP 

r•n■- .COT JR MFROG-* 


.Tn-' 


. ; :,'.I 

' • " 

: NAME: INDEX NIBBLE 

, PURPO;3E: LOAD OF SPECIFIED NIBBLE RELATIVE TO BASE 

, INPUT: ■ C = NIBBLE NUMBER 

, HL = BASE ADDRESS 

, OUTPUT: NIBBLE RETURNED RIGHT JUSTIFIED IN A. 

, DESCRIPIION: BYTE = NIBBLE# 2+BASE 

; THE LOW ORDER NIBBLE OF A GIVEN BYTE IS ADDRESSED 
; BY AN EVEN NIBBLE NUMBER. 

XNIB: PUSH HL 

or: ’■ 



PUSH 

BC 

OR ■! 



LD 

B. 0 

OR 



SRL 

C 

r.i:-- ■ 


■::o7 

ADD 

HL, BC 

OI:: 

. 


LD 

A, <HL) 

(-.R: 



POP 

BC 

or:; 1 

Ill 

.•:;70 

BIT 

0, C 


■ '-1 


JR 

Z,XNIB1-* 

.■iR:'- 

1 

.>;;77 

RRCA 


I’ll : • 

1 '1 


RRi A 


i j :• ;0 

> '1 


RI<CA 


OI:: ;R 


; (”. 

KRiTA 


OR;‘;r 

r .'.OF 

2;T7C 

XNIBl: AND 

OFH 

ORftF 

Ei 

2077 

POP 

HL 

OR:v;r 

I ’ ■'>' 

':.:::;:70 

RET 




i'l :SO 

i NAME: 


STORE NIBBLE 



1 

i PURpi: 

SE: 

. NIBBLE STORING ( ! ) 



2'c*y2 

i INPUT 


A = NIBBLE TO STORE 



28S.3 

' i 


C = NIBBLE NUMBER (AS IN 

XNIB) 


2884 

i 

HL = 

BASE ADDRESS 


OP'-’O F-^-. 

2SS5 

PUTNIE: 

PUSH 

HL 


r*: 



PUSH 

BC 


ORO- .-1, 

2SS7 


LD 

B, 0 


• 



SRL, 

C 


r.i ' ■ . . 



ADD 

HL, BC 


r.r-~ ■ 



POP 

BC 


iM': : i ' - 

: :.,P91 


BIT 

0 / c 





JR 

Z,PUTNBl-* 




; H. 0 

CASE 

SHIFT IT 


or"'-i'' 1 ■ ■ 



RLCA 



or->ri • 



RLCA 



or -r 



RLCA 



OI;-') ■' 



RLCA 



or- ;.'. ' : 



XOR 

(HL) i NEAT COMBINE 

TRICK (SEE DDJ J 

oroi r 

2 


AND 

OFOH ; PG. 9) 


or:.':': ; 

•"■I'w'l 


JR 

PUTNB2-* 


Or;0'- , I 

" 'yi'i 1 

.PUTNBl , 

XOR 

<HL) ; L. 0. CASE 


O’ ,T.-. I 

> T: 


AND 

OFH 


r-f:,.:; : .1 

“ vr>'-! 

PUTNB2: 

XOR 

<HL) 


r-r.,'- ■' 



LD 

< HL ),A 


f.ir ; 

29o::i 


POP 

HL 


(■•r.'.T: 



RET 





2 9 

; NAME : INDEX WORD 

TABLE (WORD INDEX) 


290’'' 

, PURPOSE: TO INDEX 

AN ARRAY OF DEFW'S 


2’'Mi;* 

- INPU'iS: A= 

INDEX NUMBER (0-255) 


2-M 1 

- HL -> TABLE ENTRY 

0 


:■ 1 ? 

, OUTPUTS: 

DE = 

ENTRY LOOKED UP 


29 ) 

i 

HL = 

POINTER TO ENTRY IN TABLE 

r 'T ■ ! 

;■ i A 

MI NOW. LD 

E, A 


r,' I I 1 


LD 

D, 0 


r .'' f 1 ' 

„■ ■ ■ 1• 

SLA 

E 


r 1:: ' 

/ M 

RL 

D 

; DE»2 

ri- : 1 

-• 1.: 

ADD 

HL, DE 


I ’■ 1 ■ ! 

2 • 1 

LD 

E,(HL) 


1 O'. 

2 9.'I* 

INC 

HL 


II:.. 

.-■O' 1 

LD 

D, (HL) 


11' 

/ O'/ 

DEC 

HL 
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4 , 301,503 


(■■r I : 

1 1 • t''ir 


STHLne. CALL 

FINDL3 

{ >f'! 1' 

1 ■ ? 


JR 

MINDE1-* ; JOIN STORE 




, I'lAMl: . 

INDEX BYTE TABLE 




i l•■URF■USH: 

TABLE LOOKUP 




, INPUTS: 

A = INDEX NUMBER 



2929 

i OUTPUT: 

A = VALUE OF BYTE 




i 

HL = POINTER TO TABLE 

rmPTi 

'.F 

2v31 

HINOB: LD 

E, A 

r.rrc 

1 ' • 

yv ::2 

LTi 

D, O 

1 >1:1 1 , 

\ ' 


ADD ■ 

HL, DE 

cmi' 1 

/( 

,'■>34 

LD 

A,<HL) 

nj-.r 

r n/7nv 

2 '? ? 2' 

LD 

<lY+CBA),A 


f |i740E 

293A 

MINDBI: LD 

< IY+CE:H), H 

nprx 

i-nv'-.oA 

2937 

LD 

(lY+CBL),L 

OBCr-: 

r 

2938 

RET 



5182 


('.nr: 

firr 1 

M; . .'-riO 

. '-'TO 
. •■■■ 41 

■■■I' 

.>•.13 
■ • ■ • .'14 

. ■■ 17 

, NAME: 

. F>'UhPO'SE: 

■ INPUTS. 

.. OUTPUTS: 
MDISTI: 

LD 

DI-SPLAY TIME 

DISPLAY TIME ON SCREEN 

E = X COORD 

D = Y COORD 

C = SAME AS DISCHR OPTIONS EXCEPT BIT 7=1 

TO DISPLAY COLON AND SECONDS 

NONE 

IX, SMLFNT 

API.. 

• ■ 1 

."•i'l'9 

LD 

B, 42H 


opii- 

'; i 11 • 

;"'.>5o 

LD 

HL, GTMINS 


onri' 

Apn. 

1 ^' ' 


PUS 

H BC 


’ ; 1 . . .. ,j-. 


RES 

7, ( lY-r-CBC) 


Aptt,- 

■ .1-; 


CALL BCDISP 


APD' 


■ ■:■•P4 

POP 

BC 


April 



BIT 

7, C 


APF' 


■ 

RET 

Z 


I'lrF 

‘ 1 , , 

2’2:,7 

LD 

A,80H+3AH 


Apr 

■ ' i J? 

• f'_ 

CALL DISPCH 


APT . 


.'•■'! ■>■.7 

LD 

B, 42H . 


API':' 

■ i; n/ir- 


LD 

HL,GTSECS 




1 

■ ■ /«•. .j! 

AND FALL 

NAME : 

INTO . . . 

DISPLAY BCD NUMBER 

A|:| 1. 


.•9/. 4 

.' 

«•' : 

/I 

^ /* 2 

•'/4 

■■/.r. 

.■'// ( 

INPUT. B = NUMBER DISPLAY OPTIONS 

C = CHARACTER DISPLAY OPTIONS 

DE = Y,X COORDINATES 

HL = NUMBER ADDRESS (POINTS AT LO BYTE) 

IX = ALTERNATE FONT (IF USED) 

OUTPUT : DE UPDATED 

DESCRIPTION: THIS ROUTINE CONVERTS EACH NIBBLE INTO 

ASCII AND DISPLAYS IT. THE NORMALLY ILLEGAL BCD 

VALUES ARE DISPLAYED AS CODES 2A THRU 2F RESPECTIVELY. 
THE NUMfciER DISPLAY OPTIONS BYTE IS FORMATED AS FOLLOWS: 
I5IT 7 SET IF LEADING ZERO SURPRESSION WANTED 

EIT 6 SET IF USE OF ALTERNATE FONT WANTED 

BITS 5-0 NUMBER OF DIGITS TO DISPLAY (N(5T NUMBER 0 

iCDISP: LD A,B i GET OPTIONS 

I 1 i 1 

1 . -1 

/■//Tj 

AND 

3PH 

i ISOLATE NUMBER OF DIGITS 

I'rirr 

It 

/V79 1 

iCDDO: DEC 

A 


Opr f 

r: ■ 

."""/fiO 

RET 

M 

QUIT IF NULL OR NO MORE 

OPFi. 


, 1 '. yy. 

LD 

C, A 

SAVE 

Or:F i 


2982 

CALL 

XNIB 

GET NEXT DIGIT 

ABF 4 

. 0 / 

2983 

JR 

NZ, BCDDl -$ 

JUMP IF NONZERO 

Al-:|: . . 
APIP : 


2984 

BIT 

7, B 

IS ZERO SURPRESS ON? 

-i . 

2985 

JR 

Z, BCDDl -* 

JUMP IF NOT 

or PA 

1 1 

2986 

OR. 

C 

LAST DIGIT? 

AIFP 

-.14 

2937 

JR 

NZ, BCDD4-* 

JUMP IF NOT 

oprn 

t'r.I:;': 

;!93S BCDDl: RES 

7, B 

CLEAR LEADING ZERO FLAG 

APFF 


2‘^,5 9 

ADO 

A, & 


riPO t 

f r>F 

2990 

AND 

OFH 



■' .A 

2991 

ADD 

A, 2AH 


Cii A*^ 

■ ’ 

7 992 B 

:.DD2: BIT 

6, B 

ALTERNATE FONT? 

I' l A"* 



JR 

Z,BCDDC-* 

JUMP IF NO 

r.r O' 

' ■' - 

,"■••'■4 

OR 

80H 

YEA - SET THE BIT 

.'I- 

: . . , 

L: 

::cin;3: call 

DISPCH 

DISPLAY THE CHAR 

11' '4 


..■V/-. 

LD 

A, C 

GET LOOP COUNTER IN A 








4 , 301.503 


l '.Ct 

f.C 'T: 
ru ’r 

. ■' i 


283 


. . 




JR 

BCDDO-* i 



■ 

E;CDD4. 

LD 

A, ' ' 

\ ■ 




JR 

BCDD2-* 



M ■ 1 

: NAME: 

INCREMENT SCORE 




. FURP'O: 

SE INCREMENT SCORE P 



, .11 •: 

, IN1-1JT 

:S HL -> PLAYER SCOP 



• 4 

, ullTPUTS: i-i; 

5BEND OF GAMSTE 

•1 1' - 


:* ■■ i' * 

I'UNCSC: 

LD 

B, 3 



;■ M -ri 


PUSH 

HL 

\ '■ 



1NCLUP: 

LD 

A, (HL) 

•r 1 


.M 


ADD 

A, 1 

.1 1 I-: 


,y 


DAA 






LD 

< HL), A 

•t Wt 


. 1 1 


JR 

NZ,CMPIT-* 

•r ' F 


'• i i 


INC 

HL 



-• -■J 5 


DJNZ 

INCLOP-* 



, ■ 1-1 

CMPI T. 

POP 

HL 



ru IS 


INC 

HL 

r*! -1 


.*.*1 -S 


INC 

HL 


■•ir 

' i 7 


LD 

A, (GAMSTB) 



,:*JS 


BIT 

GSBSCR.A 



> 


RET 

Z 

. r T: 

-li 

.< i /ii 


LD 

DE,ENDSCR+2 



:• t 


LD 

E:« 3 




i.:Mt-LOP 

LD 

A,(DE) 

. .1 t ■ 


1 1 • ; 


CF 

(HL) 


> 

1 


JR 

Z,REPEAT-* i 

r.i :1 


•' •.-'■-J 


RET 

NC ' 


284 

AND GO FOR NEXT 
LEADING ZERO - WRITE A 


3 BYTES 


SPACE 


«' . 

nr 


St: I END: 


REPEAT 


LD 

SET 

RET 

DEC 

DEC 

DJNZ 

JR 


GSBEND, <HL) 

DE 

HL 

CMr I OF-* 
t.P t( Nil-i 


ENDSCR = SCpRE 
ENDSCR > SCORE 
ENDSCR < SCORE 


1 


i'>r 11 

IM' 1 
♦‘•j ; 

r.r -r 

'V • 

: 

t'M" .I-’- 

r>»* 

« n" -ir 
cir •'.« • 


I u'' 


(<1 


:-:m Tl i NAIIF: QUIT . 

, l URfOSK. HOLD PRESENT GAME SCORE UNTIL KEY HIT OR 



; CiAY C 

AME OVER 



MOUIT: 

'SYSSUI. 'oTRDIS 




DEFB A?. 




DEFB 2-l 


'-10 


tiEFB 010011OOB 


.■:u41 


DEPW GNOVR 


3044 


SYSIEM ACTINT 

i ACTIVATE INTERRUPTS 

3043 

MOUIT1: 

SYSSUK SENTRY 

i WAIT FOR SOMETHING TO HAPPEN 

3044 


DEFW AKEYS 


-J 3045 


CP STO 


1 3043 


JR Z,NQUIT2-* 

1 TRIGGER CHANGE? 

3017- 


CP s);yd 

: KEY HIT? 

! 3iM3 


JR NZ.MGUITl-* 

i NO - KEEP GOING 


11 jl 1J 12 

RST 0 

i YES - RESET 

1 11)4*. 

C.MOVR; 

DEFM GAME" 


3« • 1 


DEFB 6 


.4 55:- 


DEFM OVER' 

1 

' ‘A •I,-i3 


DEFB 0 



sOLiS i * ft <-■«•*• ft t* «*•«** 

ft MENU ROUTINES ft 

■wj'-,; , ftftftftftftftftftftftftftftftft* 



■u'rx NOLINE 

EQU 

96 

i NUMBER OF DISPLAYED LINES 

MIINL 

EGlU 

O 

i NEXT FIELD 


I-IMNH 

EQU 

1 



::-U/J MNSAL 

EuU 

2 

; STRING ADDRESS 

r-i'M’* : 

-SO<.,; MNSAH 

EQU 

3 


1 

-n ,, .3 MNGL 

EQU 

4 

i GO TO ADDRESS 

('iI'iI')' . 

:SriA1 HNOH 

EQU 

5 







• ■ 0 

285 

'/ 

4 , 301,503 

; SYSTEM POWER UP ROUTINE 
PWRUP: ' LD A. (FIRSTC) 

286 

GET FIRST CASSETTE LOCATION 

i'.r / .1 


I-' ::: 

CP OCiSH 

IS IT A JUMP?? 

i'h' /. ■ 

. ■ ‘ > '0 


UP Z,FIRSTC 

JUMP TOIT IF SO 

I'-r ' 

1 tr 


LD SP. BEiSRAM 


1 «r I'.i' 


:::n7 1 

SYSSUK FILL 

CLEAR SYSTEM RAM 

I M- / I 


/ 2 

pEFW BEORAM 


1 Ht /i. 



DEFW 50 


• 7 • 

: . 

1 / O 

DEFB 0 

LD (URINAL),A 

CLEAR SHIFTER 

1 : 

• < 

:■ </o 

DEC A 


\'-i' y ' 

: ■ -li 

/7 

LD (TIMOUT),A 

CLEAR TIMEOUT WATCHDOG 

< . 
.-■«r 7i 

KU Tl 

IM '1 

1 1 

.:w/o 

>*/■> 

SYSTEM INTPC 

DO EMUSIC 

Du SETOLIT 

Ut ( l: (NULINE*2)-1 


'1 



Til J D 41 


{ >1 : :u 



DEED S 


OO-y? 

i ?‘00 

303^ 

DO COLSET 

DEFW MENUCL 


nC.-u] 

Tn"/ 

\ 11 son 

3030 

30S7 

3033 

Du ACTINT 

EXIT 

LD DE.CiiAMSTR 

'SELECT GAME' AS TITLE 

t'lf 

■ 1 ' •' i;i’0 

3i‘>39 

LD HL-FIRSTC 

ASSUME MENU STARTS IN QASSETT 

r’li" : :i’ 

/( 

3000 

LD A,(HL) 

GET FIRST CASSETTE BYTE 

or :':r‘ 


309 \ 

INC HL 



i ' '*> 

3092 

CP G5H 

IS SENTINEL THERE? 

(‘)r 


3093 

JR Z.PWRUPl-* 

YEP - JUMP 


1 ISO? 

3094 

LD HL, GLINLNK 

WRONG - USE ONBOARD QNLY 

or:'7^. 


309f:i 

PWRUPl: SYSTEM MENU 

DISPLAY THE MENU 


NAME: 

INPUT: 


DISPLAY MENU AND BRANCH ON CHpICE 
HL = MENU LIST 
DE = MENU TITLE 
DE = TITLE OF SELECTION MADE 


OUTPUT: DE = TITLE OF SELECTION MADE 

DESCRIPTION: 

THE MENU LIST IS A LINKED LIST OF THE FOLLOWING F 

* t-tUf-fc IHi-IHHt *«■*******#■»•»* * 

0 <- NEXT ENTRY * 

* 1 « » 

«•*•»«•**■«•*«•***♦**♦*******♦* 

^ 2 * STRING ADDRESS * 

Hi- :3 * ♦ ■ 




: 1 0? 

; •ft********'#-**************# 




1 1 0 

i * 4 

BRANCH TO APDRESS 

« 




ail 

; * 5 


« 




1 1J 





i 1 S 

i THIS 

LIST IS TERMINATED 

BY A NEXT ENTRY FIELD OF ZEROS 

0~7 1 


H 1 1 4 

; A MAXIMUM OF EIGHT ENTRYS 

MAY BE DISPLAYED. 


a 15 

MMENU: 

PUSH HL 



or*"/3 1 


::-:l 16 


PUSH HL 



I H' •’>■7 1 

•.li. 

j 1 1 7 


CALL MNCLR 

i 

CLEAR SCREEN AND THROWUP TIT^. 

or '* 1 ' 


a IS 


XYRELL DE, 16.12 


or-'/r ■ 

^O 1 

a 1 ■■■ 


LD BC, 109H 

$ 

INITIALIZE ENTRY « AND COLOR 

■■*r r.: ■ 

( 

■: 1 20 

MMENLI1 

: POP 1X 

i 

FIRST ENTRY TO IX 

‘■■roi 


a 11 


LD A, B 

i 

SELECTION NUMBER TO A 



ia >2 


ADD A, '0' 

i 

MAKE IT ASCII 

■' * O ' 


• 1 


SYSTEM CHRDIS 

i 

AND SHOW IT 

-■■r rV' 

• 1 

a 24 


LD A,'-' 

i 

DISPLAY DASH 


SYSTEM CHRDIS 


or Of« . .i O: 

: 1 /. 

LD 

H.(IX+MNSAH) i 

HL = STRING ADDRESS 

r.rr'<H • 

1 J /' 

LD 

L,(IX+MNSAL> 


. -r iv 


SYSTEM STRDIS ; 

DISPLAY SELECTION 

i-rr;'. 

: 1 / -7 

LD 

A, 8 


r.i I; • 

: 1 :<.* 

ADD 

A. D i 

TO NE>(T LINE 

( -r 1" ; ' . 

■: 1 :: 1 

LD 

D. A 


<■• 1 * r-:- ■ i O . 

: 1 :*:-7 

LD 

E, 16 


r.i J;r- ■ 

: 1 3 

INC 

B i 

BUMP ENTRY # 

rii" f .r ! :. .. .r. | 

:l :4 

LD 

H, (IX-fMNNH) i 

HL = NEXT ENTRY ADDR 

'■‘1 1 I r-o. I oo 

:1 -:S 

LD 

L. ( IX+MNNL) 


' -1 i 1 ■. 

;i 

PUSH 

HL 


1 ■! 1 1 

: 1 : / 

1 li 

A, H 


orr.| 

'aa:.i 

OR 

U 


or r *. 70 nr: 

31S? 

UR 

NZ.MMENUl-* i 

NO - JUMP BACK 


AT THIS POINT HL 


(SP) = 0 






|■'^c 7 

occs 

(■ir |■■■' 
nr r r 
nrrr 

rir n I 

nr z >2 
C'Cn': 
nrn^ 
nrn.'. 
nr 07 
r.r ri' ■ 
I'.i nr 

r.i nil 
I if rii 

r ■ ■ 
r>r F I 
rirr? 
nrr': 
.'■r r 1 
r.r F'". 
nrF. 
orF;: 
nr r 
r.i F Fi 
nrrr: 
nr pr 
nrri'i 
nr FF 
r.iTF 
ni'Fr. 
riCF 1 

nrr/ 

nrr-: 

r.i-F.? 

ni'F'v 

nnrri 


nrFM 
OCFI: 
ocFn 
OFFF 

onoi 

0003 

0004 

ono'i 
onoo 
0008 
0009 
0000 
oooc 
onon 
onriF 
r.n I ri 
rm! 
r.ri1 n 
r.n i -7 
on 1 

r.i 11 7 




• 


4,301,503 

.4# 


287 



288 

3? 

31-in 


ADD 

HL, SP 

HL = STACK POINTER 

r n 

3142 

MNFNLC^: 

PUSH 

oc 


i.imoi 

3143 


LD 

DC, O-IOIH 



::-;144' 


XYRELL DE, 16,77 

FEEDBACK ADDRESS 


314‘3 


SYSTEM GETNUM 

GET NUMBA 

r 1 

3146 


POP 

BC 


70 

3147 


LO 

A,<HL) 

HOW DOES SHE LOOK? 

07 

314S 


AND 

A 

ZERO ENTERED? 

?: :0 5 

3149 


JR 

Z,MMENU5-* 

JUMP IF SO 

r::': 

3150 


CP 

B 

IN RANGE? 


3151 


JR 

C,MMENU6-* 

JUMP IF SO 

■-f r 

"■152 

MMENU5: 

LD 

A, '7' 

DUD ENTRY - SHOW ? 


:l 53 


SYSTEM CHRDIS 


; • 

3 I : .1 


JR 

MMENU3-* 

GO BACK FOR NEXT TRY 

1 

■: I' .S 

nMEN1J6: 

POP 

HL 

THROW OUT ENTRY AREA 

’ : 

31 


POP 

DE 

RESTORE HEAD OF MENU LIST 

■; ■ 

3157 


LD 

B, A 

NUMBER ENTERED TO B 

1 1: 

3153 

MMENU7: 

EX 

DE, HL 

HL = ENTRY PTR 

* -1 

i 1 59 


LD 

E,<HL) 

DE = NEXT 


31 ...O 


INC 

HL 


' 1. . 

3 j 61 


LD 

D,(HL) 


1 - -t . . 

3 1 62 


D.JN2 

MMENU7-* 

COUNT DOWN TO ENTRY 


■3163i 


INC 

HL 


' M 

31.34 


LD 

E,(HL) 

STRING TO DE 


3165 


INC 

HL 



316‘3 


LD 

D,(HL) 



31.67 


INC 

HL 


1! 

316.3 


LD 

C,(HL) 

GO TO ADDRESS TO BC 

; 

■3169 


INC 

HL 


1- . 

3170 


LO 

B,(HL) 


r j 

3171 


POP 

HL 

HL = RETURN TO PLACE 

f I 

'3172 


POP 

AF 

THROW OUT OLD PC 

< ', 

3173 


PUSH 

BC 

PUT NEW PC ON STACK 

r ’ . 

3174 


PUSH 

HL 

AND PUT BACK DUMMY RETURN 

r n.’-;04 

31 75 

F1N0L3: 

LD 

( lY+CBE),E 

PASS BACK TITLE ADDRESS 

r rv/.'or. 

3176 


LD 

< lY+CBD),D 


I''' 

3177 


RET 


AND GO BACK 


i '' 9 

, NAME: 

GET 

PARAMETER 

1 

, PURPOSE: 

INPUT OF PROGRAM OPTIONS 

J1 

- INPUT: 

A = 

NUMBER OF DIGITS 

1 

; 

BC 

= PROMPT STRING ADDRESS 

1 *3 

; 

DE 

= FRAME TITLE ADDRESS 

1 ‘:4 

i 

HL 

= PARAMETER ADDRESS 



.3 1; :5 

i DESCRIPTION; 



136 

i THIS ROUTINE ASKS THE USER TO ENTER A NUMBER 


31 8 7 

i FIRST A MENU FRAME IS 

CREATED, USING THE STRING 


31 

1 POINTED AT BY DE AS A 

TITLE. THE STRING "ENTER' 


31 &9 

J IS DISPLAYED, FOLLOWEC 

BY THE PROMPT STRING. 


- ;1 ■:■■() 

, of: f nun is THEN CALLED 

TO INPUT THE NUMBER. FEEDBACK 


: 1 ■ ■■ 1 

i 1 . PFviiViniD IN DOUBLE 

SIZED CHARACTERS. 


J'5' 

. , NOTI,: tut THIS ROUTINE 

USES TWO SYSTEM LEVELS AND THE f 


'J 1 9'-; 

MOE^rp: PUSH AF 

i SAVE NUMBER OF DIGITS 

(■5 

3)94 

PUSH HL 


cv* 

3195 

PUSH BC 


i:D190D 

3196 

CALL MNCLR 



3197 

SYSSUK STRDIS 

> DISPLAY "ENTER" 


3198 

DEFB S 


7(0 

3199 

DEFE 32. 


09 

3200 

DEFB lOOlB 


T:.70D 

3201 

DEFW ENTSTG 


FI 

3202 

POP HL 



3203 

SYSTEM STRDIS 

i DISPLAY WHAT TO ENTER 

El 

3204 

POP HL 


FI 

3205 

POP AF 


■17 

3206 

LD B, A 


rr:ri 

3207 

SET 6,C 

J SET LARGE CHARS 


:Tr203 

XYRELL DE,48, 48 

; LOAD FEEDBACK ADDRESS 


■ /. 09 

SYSTEM GETNUM 

i GET NUMBER 


.3210 

SYSSUK PAWS 

i LET USER READ IT 

.'-.r 

32 11 

DEFB 15 


1': 

3:.r 12 

RET 



32 1 

1 SUBROUTINE TO CLEAR SCREEN FOR MENU AND THROWUP TITLE 

rr. 

3214 

MNCLR: PUSH DE 










290 


4,301,503 

289 


oni A 


3210 

SYSSUK FILL 

orn r 

1 11 . 'J I'j 

32 1 6 

DEFW NORMEM 

on 1 r- 

y.r . ■ 1 

3217 

DEFW 11*SYTEPL 


. 

3213 

DEFB 0 

CTi • 1 


3219 

SYSSUK FILL 

ori's 

r-;; . 1 1 . 

3220 

DEFW NORMEM+(11»BYTEPL > 

nnoo 


32/1 

DEFW (NC4LINE-11)*BYTEPL 

r>rt?7 


li22:?i 

DEFB 55H 

on?:": 

n 


POP HL 



;3224 

XYRELL DE,24-0 ; TITLE 

on?r 

r.; . 1 


LD C,OlOOB 

onr-E 


;::22o 

SYSTEM STRDIS 

on so 

1 

3227 

RET - 


Jk 





40 
3.M1 
324 ^ 
32 4 3 
3244 
.'2 i'l 


NAME: GET NUMBER 

INPUT; B = niSNUM OPTIONS 

C = CHRDIS OPTIONS FOR FEEDBACK 

DE = COORDINATES OF FEEDBACK AREA 
HL = ADDRESS OF WHERE TO STASH NUMBER 
DESCRIPTION; THIS ROUTINE CAN INPUT A NUMBER FROM 

EITHER THE KEYBOARD OR THE HAND CONTROL. KEYBOAR 
ENTRY PROCEEDS CONVENTIONALY. GETNUM EXITS 
WHEN THE EQUALS KEY IS PRESSED OR THE REQUIRED NU 
OF DIGITS IS ENTERED 

PLAYER ONE HAND CONTROL MAY ALSO BE USED 
ENTER A NUMBER. TO USE THIS OPTION- PULL THE TRI 
THEN ROTATE THE POT UNTIL THE NUMBER YOU WISH TO 
ENTER IS SHOWN IN THE FEEDBACK AREA. PULL THE TR 
AGAIN TO REGISTER THE ENTRY. IF DURING THIS PROC 
THE KEYBOARD.IS USED - KEYBOARD INPUT WILL OVERRI 
IMIS IS DONE TO PREVENT SOME BIMBO FROM CONFUSING 
I. AKRY LESKE, 


"D-i 1 

riy 

..324 7 

MGEfN, 

EXX 



0032 

CO ■•900 

3213 


CALL CLRNUM 

i CLEAR THE NUMBER 


on;;':! 

4F 

3249 


LO C. A 

1 ■ SET ZERO DIGITS IN - POT 

ENAB 

01X32. 

rrv7E07 

3250 

MGETNl 

LD A-<IV+CBB> 

i ENTRY COMPLETE? 


ori.3''' 

A-9 

3251 


XOR C 



orrSA 

r0 3F . 

3252 


AND 3FH 



rinsr 

C ;3 

31253 


RET Z 

; QUIT IF SO 


00 30 

1 3f.0D 

3254 


LD • HL, MGETNl 



(■)04O 

P':. 

3255 


PUSH HL 



004 1 


3256. 


SYSTEM RANGED 

i RANDOMIZE WHILE WE WAIT 


0D4'-: 


3257 


SYSSUK SENTRY 



0040 

0000 

3258 


DEFW NUMBAS 



0047 


;5259 


SYSSUK DOIT 



004' ■ 

iroo 

326.0 


DEFW GNUMDO 



on-ll; 


3261 


RET 

i NOTHIN - LOOP ON SENTRY 


no.'i 


3262 

GNUMDO. 

JMP SKYD,MGETN6 



004' 


3 2/:. 3 


.-IMP STO, MGETN2 



ori’^;: 


3264 


JMR SPO,MGETN3 





;3265 

i ** NEXT INSTRUCTION MAKES GOOD LIST TERMINATOR, SO 

WE U 



5266 

, TRIGGER ROUTINE 



OO*-'.'; 

1 r:.'.o 

3267 

MGETN2: 

BIT 4,B 

i O-I TRANS? 


000 ■ 

r. ; 

3268 


RET Z 

i NO - IGNORE 


00''3' 

-1 

3269 


LD A. C 



00*3'-' 


3270 


INC A 

i ARE WE ALREADY IN POT MODE? 

OO'.i'’ 


3271 


JR Z, MGETN9-* 

YEP - JUMP TO EXIT 


OOOi 

r r: .^9 

3272 


BIT 7, C 

POT LEGAL? 


O0'.| 

1 ’■ 

32 73 


RET NZ 

NO - IGNORE 


000' 

-■l-f 1 

3274 


LD C,OFFH 

SET POT FLAG 




3275 

i POT ROUTINE 



00.' ^ 


3276 

MGETN3: 

LD A, C 

QUIT IF NOT IN POT MODE 


002 


3?77 


INC A 



OO.'. ■ 

1 ■■ 

3278 


RET NZ 





.5279 

i HOW MANY DIGITS? 



ori2..i 

r •; 

3 2'80 


EXX 

TO NORMAL SET 


OO/-.'. 


3281 


LD A, B 

SNATCH DIGITS 


OO/. 

r.*- 

32S2 


EXX 



on/. ’ 

f 

3283 


CP 1 

1 PRAY TELL? 


00/ ■ 


3284 


LD B,10 



op.'.r: 


3285 


JR Z,MGETN4-* 

JUMP IF GOOD GUESS 


op/ o 

./.q 

3236 


LD B,100 

WRONG! 


002.1 

)l: 1 1 

3287 

MGETN4: 

IN A, <POTO) 

GET CURRENT POT VALUE 


op? 1 




LD D.A j 

RANGE IT 









4,301,503 


291 


,292 


on ■' 

■' i} 



XOR A 


ryU7 

■ 1 



LD E, A 


oit; 1 




LD H, A 




• / ’-V / 

MOETNS 

ADD HL. DE 


on" 

i i .... 

<?93 


ADC A, 0 

i ADD EVERY CARRY JO R 
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What is claimed is: 

1. A system for providing a display signal to a raster 25 
scan display for displaying thereon a matrix of discrete 
picture elements, each picture element being defined as 
a line segment of a horizontal line on the display, the 
system comprising: 

a random access display memory having a unique stor- 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
representative of the picture elements of the display; 
a processor comprising means for receiving a plurality 
of groups of picture element signals, each picture 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
fo one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements represent^ a symbol ^ 
located at a predetermined location on the display, 
said processor generating control signals; 
fiist addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal io the display for * 
displaying thereon the picture elements representa¬ 
tive of the memory data signals stored in the display 
memory; 

video processing means operatively coupled to the pro- 
cessor for receiving therefrom toth said picture ele- 
tnent signals end said control signals, said control 
signals activating the video processing means for 
transforming a group of picture element signak to 
produce a transform^ group of picture element sig- 
nals so that a symbol as displayed on the display 
corresponding to the transformed group of picture 
element rignals is different than a symbol as displayed 
on the display corresponding to the original group of 
picture element signals; and 
transfer means for transferring picture element signals 
from the video processing means to the display mem¬ 
ory whereby memory data signals corresponding to 
said picture element signals are stored in memory 
locations of the display memory as determined by the 
memory address signals corresponding to said picture 
element signals, said transfer means for transferring 
the transformed group of picture element signals 
from the video processing means to the display mem¬ 


ory without processing the transformed group of 

picture element signals with the processor. 

2. The system of claim 1 further comprising third 
addressing means for addressing the display memory 
under the direction of the processor reading memory 
data signals stored therein in selective storage locations 
and transferring said memory data signals to the video 
processing means. 

3. The system of claim 2 wherein the video process¬ 
ing means includes means for performing a logical OR 
function with picture element signals from the proces¬ 
sor and picture element signals corresponding to mem¬ 
ory data signals stored in the display memory. 

4. The system of claim 3 wherein the video process¬ 
ing means includes means for performing an exclusive- 
OR function with the picture element sigiuds from the 
processor and the picture element signals correspond¬ 
ing to memory data signals stored in the display pKm- 
ory. 

5. The system of claim 4 wherein the OR means and 
the exclusive-OR means comprise a programmed logic 
array having a plurality of input lines operatively con¬ 
nected to the processor for receiving control signals 
therefrom, a plurality of input lines operatively con¬ 
nected to the processor for receiving picture element 
signals therefrom, a plurality of input lines operatively 
connected to the display memory for receiving picture 
element signals therefrom and, a plurality of output 
lines, a plurality of pull-down transistors selectively 
coupling the input lines of the programmed logic array 
to the output lines of the programmed logic array, and 
a plurality of OR gates having inputs selectively con¬ 
nected to the output lines of the programmed logic 
array and outputs operatively connected to the display 
memory so that picture element signals from the proces¬ 
sor can be OR^ or exclusive-ORed with picture ele¬ 
ment signals from the display memory in response to 
control signals from the processor. 

6 . The system of claim 5 wherein the video process¬ 
ing means further comprises a register for storing con¬ 
trol signals representative of whether the OR or exclu- 
rive-OR function are to be performed, the register hav¬ 
ing outputs operatively connected to the input lines of 
the programmed logic array for receiving control sig¬ 
nals. 
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7. The system of claim 2 wherein the video process¬ 
ing means includes means for performing a logical ex- 
clusive-OR function with the picture element signals 
from the processor and picture element signals corre¬ 
sponding to memory data signals stored in the display 
memory. 

8. The system of claim I wherein the video process¬ 
ing means includes means for rotating the picture ele¬ 
ment signals of a group of picture element signals rela¬ 
tive to each other to produce rotated picture element 
signals, whereby the picture elements represented by 
the rotated picture element signals are displayed rotated 
relative to each other. 

9. The system of claim 8 wherein the group of picture 
element signals is represented by a sequence of picture 
element signals transmitted by the processor, the rotat¬ 
ing means comprising a shift register for storing the 
sequence of picture element signals, a programmed 
logic array having a plurality of input lines connected to 
outputs of the shift register and a plurality of output 
lines, a plurality of pull-down transistors selectively 
coupling the input lines of the programmed logic array 
to the output lines of the programmed logic array, a 
plurality of transistor switches having gates and having 
inputs selectively connected to the output lines of the 
programmed logic ar^ay, and outputs operatively con¬ 
nected to'the display memory, the rotating means fur¬ 
ther comprising means operatively connected to the 
gates of the transistor switches for selectively activating 
the transistor switches to produce a sequence of rotated 
picture element signals at the outputs of the transistor 
switches such, that the picture elements signals repre¬ 
sented thereby appear rotated relative to the picture 
elements represented by the sequence of picture ele¬ 
ment signals transmitted by the processor. 

10. The system of claim 9 wherein the processor has 
means for addressing the display memory to store a 
sequence of memory data signals which correspond to 
rotated picture element signals, the means for selec¬ 
tively activating the transistor switches comprising a 
second.programmed logic array having a second plural¬ 
ity of output lines selectively connected to the gates of 
the transistor switches, an input line operatively con¬ 
nected to the processor for receiving control signals 
therefrom, a second plurality of input lines, and a plural¬ 
ity of pull-down transistors selectively coupling the 
second input lines of the second programmed logic 
array to the second output lines of the second pro¬ 
grammed logic array, the activating means further com¬ 
prising a counter for counting an address by the proces¬ 
sor of the display memory, an output of the counter 
being selectively connected to the second plurality of 
input lines of the second programmed logic array so 
that with an address of the display memory by the pro¬ 
cessor a selected group of picture element signals stored 
in the shift register is conducted through the transistor 
switches whereby memory data signals corresponding 
thereto are stored in the display memory. 

11. The system of claim 10 wherein the video pro¬ 
cessing means comprises a register operatively con¬ 
nected to the processor for storing control signals 
which represents whether a group of picture element 
signals of the processor are to be rotated, the register 
having an output operatively connected to the input line 
pf the second programmed logic array for transmitting 
control signals thereto. 

12. The system of claim 1 wherein the picture ele¬ 
ments are displayed in horizontal lines, the video pro¬ 


cessing means further having a line register operatively 
connected to the processor for storage of control signals 
representing a particular element line, a line counter 
operatively connected to the first addressing means for 
5 generating line counter signals corresponding to the 
horizontal line of picture elements being read by the 
first addressing means, means for comparing the control 
signals from the line register and the line counter signals 
and for supplying a first comparing signal when the 
•0 signals have a predetermined relationship, and interrupt 
means for providing an interrupt signal to the processor 
in response to the first comparing signal. 

13. The system of claim 12 wherein the video pro¬ 
cessing means further has a position register operatively 

' ^ connected to the processor for storage of control signals 
representing a picture element position, a position 
counter operatively connected to the first addressing 
means for generating position counter signals corre¬ 
sponding to the vertical position of the picture element 
corresponding to the storage location of the display 
being read by the first addressing means, means for 
comparing the control signals from the position register 
and the position counter signals, and for supplying a 
second comparing means signal when the signals have a 
predetermined relationship, the interrupt means also 
being responsive to the second comparing means signal 
to supply an interrupt signal to the processor, the inter¬ 
rupt means further having means for supplying condi¬ 
tion indicating signals indicative of alternative condi- 
tions including the occurrence of a light pen signal and 
the occurrence of the first or second comparing means 
signals, the processor being responsive to an interrupt 
signal to input the condition indicating signals and also 
being responsive to condition indicating signals indica- 
tive of a light pen signal to input the line counter and 
position counter signals. 

14. The system of claim 13 wherein the control sig¬ 
nals from the processor include interrupt means enable 

^ signals, the interrupt means of the video' processing 
means further having a second register for storage of 
interrupt means enable signals, the interrupt means 
being responsive to the interrupt means enable signals 
so that the interrupt means is responsive to the light pen 
45 signal and the first and second comparing means signals 
only when enabled. 

15. The system of claim 13 wherein thle qontrol sig¬ 
nals include interrupt means mode signals indicating 
alternative modes of operation including a first mode 

50 and a second mode, the processor having means for 
supplying an interrupt acknowledge signal in response 
to an interrupt signal and means for executing a se¬ 
quence of instructions, the interrupt means further hav¬ 
ing a second register for storage of the interrupt means 
55 mode signals and means for controlling' the duration of 
the interrupt signal in response to the interrupt means 
mode signal and an interrupt acknowledge signal so that 
the interrupt signal is stopped if the interrupt signal is 
not acknowledged by the next instruction in the first 
60 mode and the interrupt signal continues in tHe second 
mode. 

16. Tbe system of claim 1 wherein the video process¬ 
ing means includes means for shifting the picture ele¬ 
ment signals of a group of picture element signals rela- 

65 tive to each other to produce shifted picture element 
signals, whereby the picture elements represented by 
the shifted, picture element signals are tlisplayed shifted 
relative to each other. 
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17. The system of claim 16 wherein the shifting means 
comprises a programmed logic array having a plurality 
of input lines operatively connected to the processor for 
receiving the picture element signals therefrom, a plu¬ 
rality of output lines operatively connected to the dis- 5 
play memory for supplying picture element signals 
thereto, a plurality of pull-down transistors for selec¬ 
tively coupling the input lines to the output lines, a 
second plurality of input lines operatively connected to 
the processor for receiving control signals therefrom, 10 
and a plurality of pull-down transistors selectively cou¬ 
pling the second plurality of input lines to the output 
lines so that the picture element signals on the output 
lines can be shifted in relation to the picture element 
signals on the input lines in response to the control 15 
signals from the processor. 

18. The system of claim 17 wherein the video pro¬ 
cessing means comprises a register operatively con¬ 
nected to the processor for storing the control signals 
which represent the amount of shifting to be performed, 20 
the register having outputs connected to the input lines 

of the programmed logic array for applying the control 
signals thereto. 

19. The system of claim 1 wherein the video process¬ 

ing means includes means for interchanging the picture 25 
element signals of a group of picture element signals 
relative to each other to produce interchanged picture 
element signals, whereby the picture elements repre¬ 
sented by the interchanged picture element signals are 
displayed interchanged relative to each other. 30 

20. The system of claim 19 wherein the interchanging 
means comprises a programmed logic array having a 
plurality of input lines operatively connected to the 
processor for receiving the picture element signals 
therefrom, a plurality of output lines for picture element 35 
signals, a plurality of pull-down transistors for selec¬ 
tively coupling the input lines to the output lines, a 
plurality of transistor switches having gates and having 
inputs selectively connected to the output lines of the 
programmed logic array and outputs operatively con- 40 
nected to the display memory, said programmed logic 
array also having an input line operatively coupled to 
the processor for receiving the control signals there¬ 
from and selectively coupled to the gates of the transis¬ 
tor switches so that picture element signals can be inter- 45 
changed relative to the picture element signals on the 
input lines in response to the control signals from the 
processor. 

21. The system of claim 20 wherein the video pro¬ 

cessing means comprises a register operatively con- 50 
nected to the processor for storing the control signals 
which represents whether the picture element signals 
are to be interchanged, the register having an output 
connected to the input lines of the programmed logic 
array for the control signals. 55 

22. The system of claim 1 further comprising player 
operated means including input elements adapted to be 
operated by a player, and signal means actuated by the 
input elements for enabling interaction of the player 
with the symbols on the screen, the player operated ^ 
means operatively connected to the processor to trans¬ 
fer input signals thereto. 

23. The system of claim 22 wherein the processor 
comprises means for performing calculations based on 
the input signals, said processor containing means for 
generating groups of picture element signals indicative 
of the input signals and said calculations, whereby said 
groups of picture element signals are transferred to 
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update the display memory so that symbols indicative of 
said picture element signals are provided on said dis¬ 
play. 

24. The system of claim 1 wherein said display has a 
screen on which the picture elements are presented and 
each picture element displayed has a horizontal and 
vertical position, the system further comprising a light 
pen for positioning adjacent to the screen and for sup¬ 
plying a signal when a select picture element in physical 
proximity to the light pen is presented, the video pro¬ 
cessing means further having horizontal and vertical 
picture element position counters for generating signals 
corresponding to the horizontal and vertical positions 
of the select picture element, and interrupt means re¬ 
sponsive to the light pen signal to supply an interrupt 
signal to the processor, the processor being responsive 
to the interrupt signal to input the horizontal and verti¬ 
cal position signals whereby the horizontal and vertical 
position of the picture element in physical proximity to 
the light pen may be input to the processor. 

25. The system of claim 24 wherein the interrupt 
means of the video processor further has a horizontal 
feedback register for latching up the horizontal position 
signals of the horizontal position counter in response to 
a signal, a vertical feedback register for latching up t^e 
vertical position signals of the vertical position counter 
in response to a signal, and means for providing a signal 
to the vertical and horizontal feedback registers in re¬ 
sponse to the light pen signal so that signals correspond¬ 
ing to the horizontal and vertical position of the select 
picture element in physical proximity to the light pen 
may be latched up in the horizontal and vertical feed¬ 
back registers and the processor may input the horizon¬ 
tal and vertical position signals latched up in the hori¬ 
zontal and vertical feedback registers in response to the 
interrupt signal. 

26. The system of claim 1 wherein a plurality of digi¬ 
tal picture element signals represent each picture ele¬ 
ment, the video processing means further comprising 
means for selectively performing a plurality of transfor¬ 
mations to the picture element signals in response tp the 
control signals for each digital picture element signal of 
the plurality of picture element signals to produce trans¬ 
formed picture element signals representative of trans¬ 
formed picture elements. 

27. The system of claim 1 wherein a picture element 
is represented by a first and second memory data signal 
each comprising a bit of digital data, the processor hav¬ 
ing means for supplying a plurality of memory data 
signals at a time representing a plurality of picture ele¬ 
ments, and the video processing means comprising 
means for performing a plurality of transformations to 
the first of each picture element represented by the 
plurality of digital data bits and a second means for 
performing a plurality of transformations to the second 
bit of each picture element. 

28. The system of claim 1 wherein the video process¬ 
ing means comprises a register operatively connected to 
the processor for storage of the control signals identify¬ 
ing a particular transformation to be performed. 

29. The system of claim 1 wherein the video process¬ 
ing means includes a programmed logic array having a 
plurality of inputs operatively connected to the proces¬ 
sor and a plurality of outputs operatively connected to 
the display memory for modifying the group of picture 
element signals in response to the control signals. 

30. The system of claim 1 wherein the memory data 
signals stored in the display memory are encoded at a 
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first level identifying bits of a register within the system, 
the video processing means including means for decod¬ 
ing the picture element signals corresponding to said 
memory data signals to signals representative of picture 
elements at a second level, the decoding means compris- 


300 

counter operatively connected to the first addressing 
means for storage of a line counter signal indicating the 
number of the picture element line being presented, a 
line register for storing a line register signal indicative 
of a line number and comparing means operatively 


ing a register having a plurality of bits for providing 
digital signals from the register bits representative of 
picture elements at the second level in response to the 
picture element signals identifying particular register 
bits. 

31. The system of claim 1 further comprising second 
addressing means for addressing the display memory, 
under the direction of the processor, reading memory 
data signals stored therein in selective storage locations, 
and transmitting said memory data signals from the 
display memory to the processor. 

32. A system for providing a display signal to a raster 
scan display for displaying thereon a matrix of discrete 
picture elements, the system comprising: 

a random access display memory having a unique stor¬ 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
representative of the picture elements of the display; 
a processor containing means for receiving a plurality 
of groups of picture element signals, each picture 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
to one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements representing a symbol 
located at a predetermined location on the display, 
said processor generating control signals, said control 
signals including background data signals representa¬ 
tive of background picture elements; 
first addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal to the display for 
displaying thereon the picture elements representa¬ 
tive of the memory data signals stored in the display 
memory; 

transfer means for transferring picture element signals 
from the processor to the display memory whereby 
memory data signals corresponding to said picture 
element signals are stored in memory locations of the 
display memory as determined by the memory ad¬ 
dress signals corresponding to said picture element 


connected to the line counter and the line register for 
comparing the line register signal stored in the line 
register with the line counter signal indicated by the line 
counter, the selector means being responsive to the 
comparing means to select between the background 
data signals stored in the background register and the 
background data signals in the display memory in ac¬ 
cordance with the comparison. 

]5 34. The system of claim 32 wherein the picture ele¬ 

ments are presented in horizontal lines wherein each 
picture element has a horizontal position, the video 
processing means having a counter for indicating the 
horizontal position of the picture element being dis- 
20 played, and the selector means being responsive to said 
horizontal position counter to select between the mem¬ 
ory data signals stored in the background register and 
the memory data signals stored in the display memory 
in accordance with thq horizontal position of the pic- 
25 ture elements being displayed. 

35. The system of claim 32 further comprising second 
addressing means for addressing the display memory 
under the direction of the processor, reading selective 
memory data stored therein, and transmitting said selec- 
tive memory data signals from the display memory to 
the processor. 

36. A variable interrupt system for providing a dis¬ 
play signal to a raster scan display for displaying 

jj thereon a matrix of discrete picture elements, the system 
comprising: 

a random access display memory having a unique stor¬ 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
40 representative of the picture elements of the display; 
a processor comprising means for receiving a plurality 
of groups of picture element signals, each picture 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
45 to one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements representing a symbol 
located at a predetermined location on the display, 


signals; and 


said processor generating control signals; 


background signal means having a register operatively 
coupled to the processor for receiving therefrom 
background data signals for storage therein, and op¬ 
eratively connected to the first addressing means for 
supplying the background data signal thereto, the 
background signal means including selector means 
operatively coupled to the first addressing means and 
the register for substituting the background data sig¬ 
nals stored in the register for memory data signals 
when the first addressing means addresses select stor¬ 
age locations of the display memory whereby the first 
addressing means supplies the display signal to the 
display representative of the background data signal 
when the first addressing means addresses the select 


first addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal to the display for 
displaying thereon the picture elements representa¬ 
tive of the memory data signals stored in the display 
memory; 

transfer means for transferring picture element signals 
from the processor to the display memory whereby 
memory data signals corresponding to said picture 
element signals are stored in memory locations of the 
display memory as determined by the memory ad¬ 
dress signals corresponding to said picture element 
signals; and 


memory locations of the display memory. 

33. The system of claim 32 wherein the picture ele¬ 
ments are presented in lines of picture elements by said 
display, the background signal means having a line 


65 variable interrupt means operatively connected to the 
processor for receiving therefrom a control signal 
representative of a particular row of picture elements 
on the display, the variable interrupt means general- 
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ing an interrupt signal for transmission to the proces¬ 
sor when the first addressing means addresses pretjle- 
termined memory locations of the display memory 


302 

which correspond to the particular row of picture 
elements. 
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